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ABSTRACT 

Based on t h e  d e l i b e r a t i o n s  o f  t h e  Space Scierice Beard 
of t he  N a t i o n a l  Academy o f  S c i e n c e s ,  a number o f  fundamenta l  
s c i e n t i f i c  q u e s t i o n s  concern ing  Mar t i an  b i o l o g y ,  geophys ic s ,  and 
meteoro logy  have been d e f i n e d .  An examina t ion  of  c u r r e n t  da ta  
and t h e o r i e s  on Mars r e v e a l s  p a r t i a l  answers  t o  some of  these 
q u e s t i o n s  and s u g g e s t s  a s e r i e s  of expe r imen t s  which cou ld  pro-  
v i d e  u s e f u l  data towards a more complete  examina t ion  of a l l  of 
them. T h i s  r e p o r t  d i s c u s s e s  an exper iment  pay load  f o r  a manned 
f l y b y  m i s s i o n  as one means of  c a r r y i n g  o u t  t h e  e x p l o r a t i o n  o f  
Mars. 

An exper iment  payload  f o r  t h i s  m i s s i o n  would i n c l u d e  
on boa rd  remote s e n s o r s  and f o u r  t y p e s  of  unmanned p r o b e s  f o r  
more d i r e c t  measurements of  t h e  Mar t i an  environment .  One p robe ,  
a Mars S u r f a c e  Sample Re tu rn  v e h i c l e ,  w i l l  r e t u r n  a sample from 
t h e  s u r f a c e  of Mars. The r e t u r n  of a sample i s  f e l t  t o  b e  re- 
q u i r e d  t o  conduct a meaningful  b i o l o g i c  i n v e s t i g a t i o n  o f  Mars. 
The t h r e e  o t h e r  probe  t y p e s  i n c l u d e  a n  i m p a c t e r  f o r  a tmosphe r i c  
measurements,  a n  o r b i t e r ,  and a s o f t  l a n d e r .  The t o t a l  weight  
of t h e  exper iment  pay load ,  i n c l u d i n g  on boa rd  s e n s o r s ,  a l a b -  
o r a t o r y  f o r  b i o a n a l y s i s ,  and t h e  p robes  i s  abou t  3 4 , 0 0 0  l b s .  

The probe  mix used i n  t h e  sample payload  i l l u s t r a t e d  
i n  t h i s  r e p o r t  p r o v i d e s  a comprehensive a t t a c k  on t h e  major  
q u e s t i o n s  conce rn ing  Mars. A s  r e q u i r e m e n t s  f o r  data change, 
t h e  need f o r  a p a r t i c u l a r  probe may be e l i m i n a t e d .  It i s  f e l t  
u n l i k e l y ,  however, t h a t  a need w i l l  b e  deve loped  f o r  any new 
p robe  n o t  c o n s i d e r e d  h e r e .  Consequent ly ,  regardless  o f  how 
t h e  s p e c i f i c  probe  mix may change as our u n d e r s t a n d i n g  e v o l v e s ,  
t h e  b a s i c  c o n c l u s i o n s  of t h i s  r e p o r t  shou ld  remain  e s s e n t i a l l y  
v a l i d .  

A program of  exper iments  i n  astronomy and space  
p h y s i c s  t h a t  u s e s  t h e  on board remote s e n s o r s  has been developed  
t o  c a p i t a l i z e  on b o t h  t h e  Earth-Mars and Mars-Earth phases  of  
t h e  m i s s i o n .  

The expe r imen t s  des igned  t o  i n v e s t i g a t e  t h e  b i o l o g y ,  
g e o p h y s i c s ,  and meteorology o f  Mars w i l l  a l s o  p r o v i d e  da ta  f o r  
t h e  p l a n n i n g  and e n g i n e e r i n g  d e s i g n  o f  subsequen t  s p a c e  m i s s i o n s ,  
s u c h  as a manned Mars l a n d i n g .  
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EXPERIMENT PAYLOADS FOR A MANNED MARS FLYBY MISSION 

I .  I N T R O D U C T I O N  

I n  s u p p o r t  o f  t h e  MSF P l a n e t a r y  J o i n t  Act ion  Group, 
work has been performed t o  d e f i n e  an exper iment  pay load  f o r  a 
manned f l y b y  m i s s i o n  t o  Mars. T h i s  document s e r v e s  as an i n t e r i m  
r e p o r t  on t h i s  e f f o r t .  A l l  t ime dependent  m i s s i o n  parameters 
u s e d ' i n  t h i s  r e p o r t  are f o r  a 1975 t w i l i g h t  f l y b y  m i s s i o n .  
exper iment  pay load  i s  l i m i t e d  t o  t h e  i n v e s t i g a t i o n  o f  t h e  Mars 
envi ronment  and g e n e r a l  s p a c e  s c i e n c e  o b j e c t i v e s  such  as as- 
tronomy. 

The 

The fundamenta l  q u e s t i o n s  o f  b o t h  s c i e n t i f i c  and 
t e c h n o l o g i c a l  i n t e r e s t  concern ing  Mars have been grouped i n t o  
t h r e e  areas - Exobiology,  P r o p e r t i e s  of  t h e  S u r f a c e  and S o l i d  
Body, and P r o p e r t i e s  o f  t h e  Atmosphere. Four major  exper iment  
areas are d e l i n e a t e d  t o  answer t h e  q u e s t i o n s  t h a t  have been 
posed  and t o  p r o v i d e  data  f o r  q u e s t i o n s  about  Mars t h a t  have 
n o t  y e t  a r i s e n .  These areas are: sample r e t u r n ,  geophys ic s ,  
meteoro logy ,  and photography.  

Unmanned p robes  launched i n t o  t h e  Mars environment  
from a manned f l y b y  v e h i c l e  a r e  u t i l i z e d  t o  t ake  advantage  o f  
t h e  s a l i e n t  f e a t u r e s  o f  t h e  f lyby  t r a j e c t o r y .  Four d i f f e r e n t  
p robe  concep t s  are  developed:  a p l a n e t a r y  s u r f a c e  i m p a c t e r ,  an  
o r b i t e r ,  a s o f t  l a n d e r ,  and a l a n d e r  w i t h  t h e  c a p a b i l i t y  o f  re-  
t u r n i n g  a sample o f  t h e  s u r f a c e  t o  t h e  f l y b y  v e h i c l e .  

An exper iment  program w i t h  b road  a p p l i c a t i o n  t o  space  
s c i e n c e  ( e . g . ,  s o l a r  as t ronomy) was developed  t o  complement t h e  
e x p l o r a t i o n  o f  Mars. T h i s  program w i l l  be conducted  d u r i n g  t h e  
outbound and r e t u r n  p o r t i o n s  of t h e  Mars f l y b y  m i s s i o n .  

The exper iment  payload d e f i n e d  i n  t h i s  r e p o r t  weighs 
approx ima te ly  3 4 , 0 0 0  l b s .  

The p o t e n t i a l  r e s u l t s  o f  t h e  exper iment  program are 
d e s c r i b e d  i n  terms o f  t h e  q u a l i t y  and q u a n t i t y  o f  data ,  o r  s ig-  
n i f i c a n t  q u e s t i o n s , t h a t  c o u l d  be answered b y  a s i n g l e  f l y b y  
m i s s i o n .  Also some measure o f  t h e  v a l u e  o f  t h e  a s t r o n a u t s  t o  
t h e  e x e c u t i o n  o f  t h e  experiment  program i s  p rov ided .  I n  g e n e r a l  - 
t h e  areas i n  which t h e  u t i l i z a t i o n  o f  man i s  judged  t o  b e  pa r -  
t i c u l a r l y  e f f e c t i v e  i n c l u d e  probe t a r g e t i n g  and t r a c k i n g ,  ex- 
p e r i m e n t  o p e r a t i o n s ,  command and c o n t r o l ,  and da ta  d i s c r i m i n a t i o n  
and p r o c e s s i n g .  
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11. THE INVESTIGATION OF MARS: SCIENTIFIC AND T E C H N O L O G I C A L  
QUES T I  ONS 

A .  S c i e n t i f i c  Q u e s t i o n s  

The Space S c i e n c e  Board o f  t h e  N a t i o n a l  Academy o f  
S c i e n c e s  has e s t a b l i s h e d  a p r e l i m i n a r y  r a n k i n g  o f  i n t e r e s t  i n  
t h e  v a r i o u s  o b j e c t s  of  t h e  s o l a r  sys tem.  (') 
s p e c i f i c  o b j e c t  depends on i t s  r e l e v a n c e  t o  q u e s t i o n s  
o r i g i n  of t h e  s o l a r  sys tem,  t h e  o r i g i n  o f  l i f e ,  and i n c r e a s e d  
u n d e r s t a n d i n g  o f  t h e  E a r t h .  
t o p  of t h e  p r i o r i t y  l i s t  f o r  e x p l o r a t i o n  i n  t h e  pos t -Apol lo  
y e a r s .  

I n t e r e s t  i n  a 
of  t h e  

The p l a n e t  Mars was p l a c e d  a t  t h e  

The q u e s t i o n s  o f  s c i e n t i f i c  i n t e r e s t  concern ing  Mars 
are grouped i n t o  t h r e e  areas.  

1. Exobiology 

I s  t h e r e  l i f e  on Mars a t  t h i s  t i m e ,  and i f  s o ,  what 
i s  i t s  n a t u r e ?  If n o t ,  was t h e r e  e v e r  l i f e  on Mars o r  
a r e  t h e r e ,  a t  t h i s  t ime,  any r e c o g n i z a b l e  p r e c u r s o r s  to 
l i f e ?  
would j u s t i f y  a scope  o f  e x p e r i m e n t a t i o n  which would 
u t i l i z e  a ma jo r  f r a c t i o n  o f  t h e  s c i e n t i f i c  m i s s i o n  pay load .  

P r o v i d i n g  even p a r t i a l  answers  t o  t h e s e  q u e s t i o n s  

2 .  P r o p e r t i e s  o f  t h e  S u r f a c e  and S o l i d  Body - I n c l u d i n g  
D i f f e r e n t i a t i o n ,  A c t i v i t y ,  Composi t ion,  and H i s t o r y  

The p o s s i b i l i t y  t h a t  t h e  i n t e r i o r  o f  Mars i s  d i f -  
f e r e n t i a t e d  r a d i a l l y  i n t o  a c r u s t ,  man t l e ,  and c o r e  as 
i n  t h e  E a r t h  shou ld  b e  i n v e s t i g a t e d .  R e l a t e d  t o  t h i s  i s  
t h e  q u e s t i o n  of i n t e r n a l  a c t i v i t y  o f  t h e  p l a n e t ,  as 
ev idenced  by t h e  p o s s i b l e  e x i s t e n c e  o f  vo lcanoes ,  i n -  
t e r n a l  s t ress  bui ld-up  and re lease  (Mars q u a k e s ) ,  or 
l a r g e  s c a l e  c r u s t a l  movements such  as f a u l t s .  Q u e s t i o n s  
of compos i t ion  concern  t h e  chemis t ry  and m i n e r a l o g i c  
makeup o f  t h e  p l a n e t ,  p a r t i c u l a r l y  as t h e y  may r e l a t e  
t o  t h e  E a r t h .  The r o l e  of w a t e r  i n  t h e  p l a n e t ' s  h i s -  
t o r y  i s  o f  s p e c i a l  i n t e r e s t .  Q u e s t i o n s  o f  t h e  h i s t o r y  
of  t h e  fo rma t ion  and development o f  Mars and i t s  re la -  
t i v e  p l a c e  i n ' t h e  h i s t o r y  o f  t h e  s o l a r  sys t em may be  
a t t a c k e d  once t h e  p r e s e n t  s t a t e  o f  p l a n e t a r y  d i f f e r e n -  
t i a t i o n ,  a c t i v i t y ,  and composi t ion  are unde r s tood .  
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3. P r o p e r t i e s  of  t h e  Atmosphere - I n c l u d i n g  Dynamics, 
Composition, and Hi s to ry  

O f  pr ime impor tance  here  a r e  t h e  c h a r a c t e r i s t i c s  
o f  t h e  c i r c u l a t i o n  o f  t h e  Mar t i an  a tmosphere ,  t z g e t h e r  
w i t h  t h e  r e l a t e d  problems o f  d u s t  and water vapor  
t r a n s p o r t .  Unders tanding  t h e s e  c i r c u l a t i o n  p a t t e r n s  
may p r o v i d e  new i n s i g h t  i n t o  t h e  dynamics o f  t h e  
E a r t h ' s  a tmosphere.  The p r e s e n t  a tmosphe r i c  compo- 
s i t i o n  i s  o f  i n t e r e s t  t o  t h e  g e n e r a l  problem o f  t h e  
l o n g  term h i s t o r y  o f  t h e  fo rma t ion  o f  bo th  t h e  s o l i d  
body and atmosphere o f  t h e  p l a n e t .  

B. Techno loa i  c a l  Q u e s t i o n s  

The da ta  needed t o  des ign  a sys tem f o r  a manned Mars 
l a n d i n g  m i s s i o n  p r o v i d e s  a convenient  f o c u s  f o r  d e f i n i n g  t h e  
t e c h n o l o g i c a l  q u e s t i o n s  of i n t e r e s t  conce rn ing  t h e  Mars e n v i -  
ronment .  Such a focus  i s  needed s i n c e  a " technology q u e s t i o n "  
i s  a p a r t i c u l a r  a p p l i c a t i o n  o f  a " s c i e n t i f i c  q u e s t i o n "  about  
t h e  envi ronment .  A d i s c u s s i o n  o f  f o u r  areas i s  p rov ided  t o  
i d e n t i f y  t h e  major  t e c h n o l o g i c a l  q u e s t i o n s .  

1. Exobiology 

The e x i s t e n c e  and n a t u r e  o f  Mar t i an  l i f e  w i l l  b e  
o f  i n t e r e s t  t o  e n g i n e e r s  d e s i g n i n g  sys tems t o  p r o t e c t  
t h e  a s t r o n a u t s  and p reven t  back-contaminat ion  o f  t h e  
E a r t h  f o l l o w i n g  a manned Mars l a n d i n g .  The r e s i s t a n c e  
o f  Mar t i an  l i f e  t o  v a r i o u s  s t e r i l i z a t i o n  t e c h n i q u e s  
and i t s  a b i l i t y  t o  p e n e t r a t e  b i o l o g i c a l  ba r r i e r s  shou ld  
b e  known. Any p a t h o g e n i c  e f f e c t s  on humans and human 
r e s i s t a n c e  t o  t hese  e f f e c t s  s h o u l d  a l s o  b e  known. 

On t h e  o t h e r  hand,  i f  i t  cou ld  b e  demonst ra ted  
t h a t  l i f e  does n o t  e x i s t  on Mars, t h i s  i n f o r m a t i o n  
would reduce  o r  e l i m i n a t e  t h e  r e q u i r e m e n t s  f o r  f o r -  
ward con tamina t ion  c o n t r o l .  S i m i l a r l y ,  i n f o r m a t i o n  
i n d i c a t i n g  t h a t  t h e  Mart ian environment  i s  u n s u i t e d  t o  
t h e  s u r v i v a l  o r  s p r e a d  of E a r t h - t y p e  l i f e  would a f f e c t  
t h e  r e q u i r e m e n t s  on b i o l o g i c a l  c o n t r o l  equipment and 
p r a c t i c e s .  

2 .  AtmosDhere 

Although s o f t  l a n d i n g  p r o b e s  can p robab ly  b e  suc-  
c e s s f u l l y  des igned  w i t h  o u r  p r e s e n t  knowledge o f  t h e  
M a r t i a n  atmosphere , more c e r t a i n  and de ta i led  knowledge 
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would a id  i n  t h e  e f f i c i e n t  d e s i g n  of  a manned l a n d i n g  
module. I n f o r m a t i o n  on t h e  a tmosphe r i c  d e n s i t y  and 
compos i t ion  p r o f i l e s  i s  of p a r t i c u l a r  impor t ance .  
I n c r e a s e d  knowledge of  w i n d  c h a r a c t e r i s t i c s ,  d u s t  c louds  
and of  t h e  t r a n s m i s s i o n  "windows" of t h e  atmosphere t h a t  
a f f e c t  communications i s  a l s o  of  impor tance  i n  t h e  d e s i g n  
of a manned l a n d e r .  

3. S u r f a c e  and Resources  

Knowledge of  t h e  topography and dynamic b e a r i n g  
s t r e n g t h  of t h e  Martian s u r f a c e  i s  i m p o r t a n t  t o  t h e  
d e s i g n  of  a manned l a n d i n g  v e h i c l e .  An o b s t a c l e  avoid-  
ance  s y s t e m  which would i n c r e a s e  l a n d i n g  s a f e t y  r e q u i r e s  
t o p o g r a p h i c  i n f o r m a t i o n .  T r a f f i c a b i l i t y  of t h e  s u r f a c e  
t o  r o v i n g  v e h i c l e s  and a s t r o n a u t s  on f o o t  shou ld  b e  
e v a l u a t e d .  E l e c t r i c a l  p r o p e r t i e s  of  t h e  s u r f a c e  are  
r e l e v a n t  t o  t h e  p r e d i c t i o n  of  t h e  performance o f  l a n d i n g  
radars and c e r t a i n  t y p e s  o f  a n t e n n a s .  

The e x i s t e n c e  and a v a i l a b i l i t y  of  c e r t a i n  chemica l  
r e s o u r c e s  may a f f e c t  t h e  l o g i s t i c s  o f  manned l a n d i n g  
sys t ems .  Oxygen or water, pe rhaps  as water o f  hydra-  
t i o n  i n  c r y s t a l s ,  might be of  c o n s i d e r a b l e  impor t ance ,  
e s p e c i a l l y  t o  more advanced m i s s i o n s .  

4 .  Geodesv 

F u t u r e  m i s s i o n s  probably  w i l l  i n v o l v e  t h e  placement  
o f  manned v e h i c l e s  i n  Mar t ian  o r b i t  w i t h  d e s c e n t s  to t h e  
s u r f a c e  and rendezvous i n  o r b i t .  The e f f i c i e n c y  o f  these  
maneuvers would b e n e f i t  f r o m  a b e t t e r  knowledge of t h e  
f i g u r e  and g r a v i t a t i o n a l  f i e l d  o f  Mars t h a n  i s  p r e s e n t l y  
a v a i l a b l e .  P o s s i b l e  p e r t u r b i n g  e f f e c t s  o f  t h e  two 
n a t u r a l  s a t e l l i t e s  s h o u l d  a l s o  b e  known. 

Impor t an t  q u e s t i o n s  about  t h e  i n t e r p l a n e t a r y  medium 
t h r o u g h  which t h e  manned s p a c e c r a f t  must t r a v e l  s t i l l  remain .  
The micrometeoro id  f l u x  i s  perhaps  of  most i n t e r e s t .  More i n f o r -  
mat ion  on t h e  r a d i a t i o n  environment i s  of secondary  impor t ance .  
Improved data on t h e s e  f a c t o r s  should  b e  o b t a i n e d  i n  t i m e  t o  
i n f l u e n c e  t h e  d e s i g n  of t h e  f i r s t  manned Mars m i s s i o n .  Without  
improved data t h e  c o n s e r v a t i s m  which must n e c e s s a r i l y  b e  adop ted  
i n  d e a l i n g  w i t h  such  h a z a r d s  w i l l  lead t o  a l a rge  a l l o c a t i o n  of 
weight f o r  p r o t e c t i v e  s h i e l d i n g  o r  r e p a i r  t e c h n i q u e s .  
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111. EXPERIMENT DELIVERY SYSTEMS 

A s  a means o f  answering t h e  s c i  n t i f i c  and techno-  
l o g i c a l  q u e s t i o n s  about  Mars which were d i s c u s s e d  i n  S e c t i o n  11, 
an  expe r imen t s  program f o r  a manned f l y b y  n? iss ion  i s  proposed .  
The pu rpose  of t h i s  s e c t i o n  i s  t o  b r i e f l y  d i s c u s s  t h e  experiment  
d e l i v e r y  sys t ems ,  o r  p r o b e s ,  which a id  i n  c a r r y i n g  ou t  t h i s  p ro -  
gram. S e c t i o n  I V  w i l l  d i s c u s s  o u r  p r e s e n t  knowledge o f  Mars and 
a s p e c i f i c  program of e x p e r i m e n t a t i o n ,  c o n s i s t e n t  w i t h  t h e  d e l i v e r y  
sys t ems  proposed  he re ,  which could measurably improve upon o u r  
knowledge i n  each  o f  t h e  q u e s t i o n  areas.  

For t h e  nominal miss ion  t h e  manned f l y b y  v e h i c l e  p a s s e s  
Mars a t  a p e r i a p s i s  a l t i t u d e  of 300 km w i t h  a v e l o c i t y  o f  ap- 
p r o x i m a t e l y  31 ,000  f p s .  To supplement t h e  b r i e f  p e r i o d  d u r i n g  
which h i g h  r e s o l u t i o n  remote s e n s o r  o b s e r v a t i o n s  o f  Mars can be 
made from t h e  f l y b y  Mission Module ( M . M . ) ,  f o u r  unmanned p robes  
are c o n s i d e r e d .  The f u n c t i o n  o f  t h e s e  p robes  i s  t o  p l a c e  ex- 
p e r i m e n t s  i n  d i r e c t  c o n t a c t  w i t h  t h e  Mars environment and ex tend  
t h e i r  t i m e  o f  o p e r a t i o n  c o n s i d e r a b l y  beyond t h e  M . M .  e n c o u n t e r  
p h a s e .  A l l  p robes  are  launched from t h e  M . M .  between f o u r  and 
seven  days p r i o r  t o  p e r i a p s i s .  

The pr imary  o b j e c t i v e  o f  t h e  Mars Sur face  Sample Return  
(MSSR) p robe  i s  t o  s o f t  l a n d  on t h e  s u r f a c e ,  c o l l e c t  a sample,  
and r e t u r n  it t o  t h e  manned f lyby  v e h i c l e .  A secondary  o b j e c t i v e  
i s  t o  d e l i v e r  a remote mon i to r ing  s u r f a c e  exper iment  s t a t i o n  t o  
t h e  same s i t e .  

Another t y p e  of l a n d e r  probe  i s  e n v i s i o n e d  which does  
n o t  have r e t u r n  sample c a p a b i l i t y .  The o b j e c t i v e  o f  t h i s  probe  
i s  t o  s o f t  l a n d  a second experiment  s t a t i o n  a t  some p o i n t  of  
i n t e r e s t  o t h e r  t h a n  t h e  MSSH s i t e .  Without t h e  sample r e t u r n  
r e q u i r e m e n t ,  a comparable experiment  s t a t i o n  can  b e  s o f t  l anded  
f o r  a p robe  g r o s s  weight  c o n s i d e r a b l y  less  t h a n  t h e  MSSR. 

t e m p o r a l  s u r v e i l l a n c e  o f  t h e  Mars a tmosphere and s u r f a c e  beyond 
t h e  l i m i t e d  c a p a b i l i t i e s  of t h e  manned f l y b y  v e h i c l e .  I n  i t s  
p r e s e n t  concept  t h e  o r b i t e r  mi s s ion  i s  p r i m a r i l y  p h o t o g r a p h i c .  

A.n o r b i t e r  p robe  i s  proposed t o  e x t e n d  t h e  s p a t i a l  and 

F i n a l l y ,  a n  a tmospher ic  d r a g  p robe  i s  proposed t o  pro-  
v i d e  improved data  on t h e  a tmospher ic  d e n s i t y  p r o f i l e  t o  a id  
i n  d e t e r m i n i n g  e n t r y  c o n d i t i o n s  f o r  t h e  MSSR and l a n d e r  p r o b e s  
and,  p o s s i b l y ,  t o  p r o v i d e  i n f o r m a t i o n  on t h e  drag  f o r c e s  on low 
a l t i t u d e .  o r b i t i n g  s p a c e c r a f t .  For t h i s  r e a s o n  t h e  d r a g  probe  i s  
t h e  f i r s t . o f  t h e  sequence t o  a r r i v e  a t  Mars ( a l l  p robes  a r r i v e  
b e f o r e  t h e  f l y b y  v e h i c l e ) .  Data from t h i s  p robe  i s  t r a n s m i t t e d  
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d i r e c t l y  t o  t h e  M . M .  b e f o r e  d e s t r u c t i v e  s u r f a c e  impact .  The 
o t h e r  t h r e e  p robes  are  in t ended  to s u r v i v e  and c o n t i n u e  re-  
c o r d i n g  data  f o r  a p e r i o d  o f  about one y e a r .  

Appendix A d e s c r i b e s  t h o s e  a s p e c t s  o f  t h e  f l y b y  
m i s s i o n  p r o f i l e  which bear on  t h e  expe r imen t s  program. Deta i led  
d e s c r i p t i o n s  of  t h e  c o n c e p t u a l  d e s i g n ,  m i s s i o n  p r o f i l e ,  and 
pay load  f o r  each  probe  a r e  c o n t a i n e d  i n  Appendices B-E. 
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I V .  EXPERIMENT AREAS 

1 
I 

The f l y b y  m i s s i o n  exper iments  program c o n s i s t s  o f  
f o u r  major  expe r imen t s  devoted t o  t h e  i n v e s t i g a t i o n  o f  Mars. 
The pr ime o b j e c t i v e  o f  sample  r e t u r n  i s  t o  answer t h e  q u e s t i o n s  
r e l a t i n g  t o  t h e  p o s s i b i l i t i e s  of  l i f e  on Mars. The same sample  
w i l l  a l s o  b e  used f o r  d e t a i l e d  geochemical  a n a l y s i s .  The 
g e o p h y s i c s  exper iment  g a t h e r s  da t a  on the  s u r f a c e  and i n t e r i o r  
p r o p e r t i e s  o f  t he  p l h n e t .  The o b j e c t i v e  o f  t he  meteorology 
expe r imen t  i s  t o  g a t h e r  data on t h e  composi t ion  and dynamics 
o f  t h e  Mars atmosphere.  The photography exper iment  w i l l  gather 
imagery o f  t h e  p l a n e t  a t  v a r i o u s  wavelength r e g i o n s  and a t  
s e v e r a l  s c a l e s  of r e s o l u t i o n .  The r e s u l t s  of t h i s  p h o t o g r a p h i c  
data w i l l  bear e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  on each  o f  t h e  
s c i e n t i f i c  d i s c i p l i n e s  covered by t h e  f i r s t  th ree  major  ex- 
p e r i m e n t s .  These exper iment  a r e a s  a re  s e e n  t o  b e  c o i n c i d e n t  
w i t h  t h e  p r i n c i p a l  s c i e n t i f i c  and t e c h n o l o g i c a l  q u e s t i o n s  ou t -  
l i n e d  i n  S e c t i o n  11. 

The s t a t e  o f  o u r  c u r r e n t  knowledge o f  t h e  Mars en- 
vironment  i s  reviewed i n  o r d e r  t o  d e f i n e  a bas i s  f o r  s u g g e s t i n g  
p a r t i c u l a r  expe r imen t s .  The c u r r e n t  i n f o r m a t i o n  i s  based upon 
a combina t ion  o f  earth-based o b s e r v a t i o n s  and Mar ine r  I V  data. 
A number o f  s p e c i f i c  exper iments  are s u g g e s t e d  as checks on 
h y p o t h e s e s  t h a t  are based upon e x t r a p o l a t i n g  from t h e  l i t t l e  
t h a t  i s  r e a l l y  known t o  more g e n e r a l l y  d e s c r i p t i v e  models o f  
what may be t r u e  o f  t h e  p l a n e t  as a whole. Another  group o f  
expe r imen t s  are  proposed  l a r g e l y  because  t h e y  have p r o v i d e d  
u s e f u l  i n f o r m a t i o n  i n  p rev ious  i n v e s t i g a t i o n s  o f  t h e  E a r t h .  I n  
g e n e r a l  each  major  exper iment  area w i l l  b e  covered  b y  a v a r i e t y  
o f  s p e c i f i c  expe r imen t s  and measurements. The i n t e n t  i s  t o  
p r o v i d e  s u f f i c i e n t  data t o  make  a number o f  c ros s -checks  on each  
model o r  h y p o t h e s i s .  

D i s c u s s i n g  t h e  i n v e s t i g a t i o n  o f  Mars i n  terms o f  f o u r  
ma jo r  expe r imen t s  i n s t e a d  o f  t he  s e v e r a l  t e n s  of  component ex- 
p e r i m e n t s  is a matter o f  convenience.  Perhaps  t h e  o v e r r i d i n g  
r e a s o n  f o r  t h e  s e l e c t i o n  i s  t h a t  as t h e  e x p l o r a t i o n  of  Mars 
p r o g r e s s e s ,  i n d i v i d u a l  experiment  needs w i l l  c e r t a i n l y  change ; 
b u t  t h e  g e n e r a l i t y  of  these major exper iment  a r e a s  i s  s u f f i -  
c i e n t l y  great  t h a t  each one will s t i l l  be i m p o r t a n t  f o r  an  e a r l y  
manned f l y b y  m i s s i o n .  

It s h o u l d  a l s o  be  s t r e s s e d  t h a t  s o  f a r  as i n d i v i d u a l  
e x p e r i m e n t s  and measurements a r e  concerned ,  there  i s  no s h a r p  
d i v i d i n g  l i n e  between these f o u r  areas. For  example,  data on 
t h e  comp'osition o f  t h e  p r e s e n t  Mars atmosphere w i l l  a l s o  b e  p a r t  
o f  t h e  geophys ic s  exper iment  a r e a ,  as i t  i s  i m p o r t a n t  i n f o r m a t i o n  
i n  d e t e r m i n i n g  t h e  h i s t o r y  o f  t h e  e v o l u t i o n  o f  t h e  s o l i d  p l a n e t .  
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More o b v i o u s l y ,  a s  ment ioned e a r l i e r ,  photography could  be con- 
s i d e r e d  a sub-ca tegory  of e a c h  o f  t h e  o t h e r  t h r e e  expe r imen t  
areas. 

I n  a d d i t i o n  t o  t h e  i n v e s t i g a t i o n  of  Mars, t h r e e  
p a r t i c u l a r  en  r o u t e  exper iments  a r e  i d e n t i f i e d  a s  b e i n g  pa r -  
t i c u l a r l y  i n t e r e s t i n g  and c h a l l e n g i n g .  These i n c l u d e  t a k i n g  
s t e r e o  pho tographs  of  t h e  sun  i n  c o n j u n c t i o n  w i t h  a n  E a r t h  
o r b i t i n g  s t a t i o n ,  o b s z r v i n g  t h e  moons of  Mars a t  c l o s e  r a n g e ,  
and c a p t u r i n g  a p a r t i c l e  sample i n  t h e  a s t e r o i d  b e l t s .  The 
r o o t s '  of these expe r imen t s  may a l s o  b e  t r a c e d  back t o  t h e  de- 
l i b e r a t i o n s  of t h e  Space Sc ience  Board on s o l a r  s y s t e m  exp lo ra -  
t i o n .  Appendix F i d e n t i f i e s  a broad  spec t rum of en  r o u t e  
expe r imen t s  and o b s e r v a t i o n s  which could  b e  u s e f u l l y  c a r r i e d  
o u t ,  a l t h o u g h  many of them t a k e  no s p e c i a l  advan tage  o f  t h e  
un ique  c h a r a c t e r  of t h e  f l y b y  miss ion .  

A .  Sample Re tu rn  

The pu rpose  of t h i s  s e c t i o n  i s  t o  t r e a t  t h e  q u e s t i o n  
of  t h e  b i o l o g i c  i n t e r e s t  i n  a sample r e t u r n e d  from t h e  Mars s u r -  
f a c e  and t o  d e s c r i b e  q u a l i t a t i v e l y  t h e  s o r t  of examina t ion  which 
w i l l  be  c a r r i e d  ou t  on board  t h e  Miss ion  Module t o  a n a l y z e  t h e  
sample.  Obvious ly  t h e r e  w i l l  a l s o  b e  a g r e a t  d e a l  of i n t e r e s t  
i n  t h e  chemica l  and p h y s i c a l  p r o p e r t i e s  of t h i s  sample .  I n  ad- 
d i t i o n  t o  ave rage  compos i t ion  and o t h e r  b u l k  p r o p e r t i e s  of t h e  
s e v e r a l  t y p e s  of s amples ,  t h e  p resence  ( o r  absence )  of  v e r t i c a l  
s t r a t i f i c a t i o n  i n  s u b s u r f a c e  core  samples  w i l l  be  s i g n i f i c a n t .  
A comparison between material  b a s i c  t o  t h e  Mars p l a n e t  and 
m e t e o r i t e  material  w i l l  a l s o  be of i n t e r e s t ,  and s t e p s  shou ld  
be t a k e n  t o  a l l o w  r e c o g n i t i o n  o f  these d i f f e r e n c e s .  These l a t t e r  
t o p i c s ,  however,  a r e  more a p p r o p r i a t e l y  dea l t  w i t h  i n  t h e  d i s -  
c u s s i o n  of t h e  geophys ic s  exper iment  i n  t h e  n e x t  s e c t i o n .  
S u f f i c e  i t  t o  s a y  here tha t  much of  t h e  chemica l  a n a l y s i s  per-  
formed as p a r t  o f  t h e  on boa rd  b i o l o g i c  examina t ion  w i l l  a l s o  
be of  i n t e r e s t  t o  geochemis t ry .  Beyond t h i s  i t  w i l l  be assumed 
t h a t  nan -b io log ic  r equ i r emen t s  f o r  e a r l y  on boa rd  sample ana ly-  
s is  can be  accommodated w i t h  l i t t l e  we igh t  p e n a l t y  t o  t h e  space-  
c r a f t  b i o l o g i c  l a b o r a t o r y  f a c i l i t i e s .  

Mars: A Second B i o t a  

The d i s c o v e r y  o f  e x t r a t e r r e s t r i a l  l i f e ,  l i f e  p -ecu r so r  
molecu le s ,  o r  even a s t e r i l e  environment  would add a new pe r spec -  
t i v e  t o  b i o l o g y .  E x o b i o l o g i c a l  s t u d i e s  a r e  a l s o  i m p o r t a n t  i n  
o r d e r  t o  a s c e r t a i n  t h e  dangers  t o  E a r t h  f rom con tamina t ion  borne  
i n  f rom '-the o u t s i d e .  
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While o t h e r  o r g a n i c  b i o c h e m i s t r i e s  c o u l d  e x i s t ,  most 
e x o b i o l o g i s t s  b e l i e v e  t h a t  t h e  carbon based chemis t ry  i s  dec ided-  
l y  advantageous  o v e r  even i t s  n e a r e s t  r i v a l ,  one based on s i l i c a .  
I n  a d d i t i o n ,  most l i f e  d e t e c t i n g  schemes which have been proposed 
assume a ca rbon  based c h e m i s t r y .  T h i s  assumpt ion  e l i m i f i a t e s  t h e  
i n v e s t i g a t i o n  of  t h e  s u r f a c e s  of Venus and Mercury f o r  l i f e  s i n c e  
t h e i r  t e m p e r a t u r e s  a re  b e l i e v e d  t o  be above t h o s e  r e q u i r e d  f o r  
t h e  f o r m a t i o n  of  s t ab le  carbon compounds. Mars, t h e  o t h e r  p l a n e t  
c l o s e  to E a r t h ,  however, has a much lower  s u r f a c e  t e m p e r a t u r e  i n  
which a carbon based chemis t ry  could  b e  s t ab le .  

The p r e s e n c e  o f  l i f e  on Mars has been  t h e  s u b j e c t  of  
s p e c u l a t i o n  f o r  ove r  a c e n t u r y .  While g r e e n  areas and c a n a l s  
have been  found t o  be i l l u s o r y ,  Mars does  have a t t r i b u t e s  which 
c o u l d  be i n d i c a t i v e  of  l i f e .  It has three  d i s t i n c t  v i s u a l  fea- 
t u r e s ,  p o l a r  c a p s ,  l i g h t  areas,  and d a r k  areas. The p o l a r  caps  
a p p a r e n t l y  are  C 0 2  o r  H20 i n  s o l i d  form, w h i l e  t h e  l i g h t  areas 
seem t o  b e  deser ts  of  a material  similar t o  t e r r e s t r i a l  l i m o n i t e .  
The dark  areas are b a s i c a l l y  permanent b u t  undergo s e a s o n a l  
d a r k e n i n g  c o r r e l a t e d  w i t h  r e c e s s i o n  of  t h e  p o l a r  cap and fo l low-  
i n g  a p a t h  a l o n g  which l i e  t h e  h ighes t  s u r f a c e  t e m p e r a t u r e s .  
P o l a r i m e t r i c  s t u d i e s  i n d i c a t e  t h a t  t h e  opaque g r a n u l e s  c o v e r i n g  
t h e  dark  areas i n c r e a s e  i n  s i z e  d u r i n g  t h e  p e r i o d  a f t e r  t h e  sea -  
s o n a l  d a r k e n i n g .  La te r ,  a f t e r  t h e  summer when t h e  p o l a r  cap 
a g a i n  grows,  t hese  g r a n u l e s  d e c r e a s e  i n  s i z e .  No such  changes 
are obse rved  i n  t h e  b r i g h t  areas,  b e l i e v e d  t o  be  deser t s .  I n f r a -  
r e d  s p e c t r a  of  t h e  dark  a r e a s  have been  shown t o  b e  s imi la r  t o  
spec t ra  o b t a i n e d  u s i n g  t e r r e s t r i a l  l i c h e n s  as s u b j e c t s ,  b u t  have 
n o t  revealed c h l o r o p h y l .  

The atmosphere would seem h o s t i l e ,  t h e  s u r f a c e  p r e s s u r e  
b e i n g  o n l y  l/lOO o f  t h a t  o f  t h e  E a r t h ' s  and C 0 2  b e i n g  t h e  main 
component. Water vapor  and some a p p a r e n t  methane d e r i v a t i v e s  a re  
t h e  o n l y  o t h e r  c o n s t i t u e n t s  i d e n t i f i e d  s o  f a r .  While expe r imen t s  
have  r e v e a l e d  t h a t  c e r t a i n  t e r r e s t r i a l  organisms can grow i n  
a tmosphe res  s i m u l a t i n g  t h e  d e t e c t e d  compos i t ion  f o r  Mars, t h e  
a p p a r e n t  l a c k  of  oxygen would a l low i r r a d i a t i o n  of  t h e  s u r f a c e  
w i t h  s o l a r  W a t  a l e v e l  which would b e  l e t h a l  even t o  t hese  
rugged organisms i n  a matter of a few days.  However, UV resis-  
t a n c e  i s  a m o l e c u l a r  and e v o l u t i o n a r y  phenomenon and t h e r e  i s  no 
r e a s o n  t o  b e l i e v e  t h a t  Mar t i an  e v o l u t i o n  cou ld  n o t  have coped 
w i t h  t h e  W i r r a d i a t i o n .  

The s u r f a c e  tgmpera tu re  i s  r e p o r t e d  t o  v a r y  d i u r n a l l y  
f rom abou t  - 6 O O C  t o  +40 C .  
would pe r - i sh  under  t h e s e  c o n d i t i o n s ,  o t h e r s  can  w i t h s t a n d  such  

While some t e r r e s t r i a l  organisms 
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d a i l y  f reeze- thaw c y c l e s .  I n  a d d i t i o n ,  t h e  t e m p e r a t u r e  of  2 7 O C  
i s  c o n s i d e r e d  i d e a l  f o r  t e r r e s t r i a l  organisms,  and some orga-  
nisms have been ab le  t o  me tabo l i ze  a t  sub-zero  t e m p e r a t u r e s  w h i l e  
s u r v i v i n g  t e m p e r a t u r e s  b e l o w  - 4 O O C .  Fur the rmore ,  even i f  w e  
s h o u l d  accep t  these  t empera tu re  c o n d i t i o n s  f o r  t h e  ave rage  s u r f a c e  
as u n f a v o r a b l e ,  t h e r e  may w e l l  b e  more f a v o r a b l e  environments  
e i t h e r  i n  t h e  n e a r  s u b s u r f a c e  o r  a t  l o c a l  w a r m  s p o t s  a t  t h e  
immedia te  s u r f a c e .  

Thus, t h e  Mar t ian  environment may n o t  b e  t o o  s e v e r e  f o r  
s u r v i v a l  of organisms similar t o  t e r r e s t r i a l  t y p e s .  The p r i m a r y  
problem t h e n  i s  t h e  unambiguous r e c o g n i t i o n  and i d e n t i f i c a t i o n  
o f  Mar t ian  l i f e .  Even i n  t he  absence  o f  l i v i n g  organisms,  a 
chemica l  s t u d y  o f  t h e  Mar t ian  s u r f a c e  would a i d  i n  t h e  under-  
s t a n d i n g  o f  l i f e ' s  o r i g i n s  s i n c e  t h e  e a r l y  p h y s i c a l  c o n d i t i o n s  
on E a r t h  and Mars are b e l i e v e d  t o  have been s imilar .  

Sample Ana lys i s  and Return 

I n  t h e  MSSR concept  no sample a n a l y s i s  o t h e r  t h a n  TV 
and  photography w i l l  t ake  p l a c e  on t h e  Mars s u r f a c e .  A 2 l b  
sample  i s  r e t u r n e d  t o  t h e  manned s p a c e c r a f t ,  8 oz o f  which w i l l  
b e  a n a l y z e d  f o r  b i o l o g i c a l  molecules  and l i v i n g  organisms i n  t h e  
on boa rd  b i o l o g i c a l  l a b o r a t o r y .  A s  p i c t u r e d  i n  F i g u r e  1, t h e  
i m p o r t a n t  a c t i v i t i e s  w i l l  b e  t h e  d e t e c t i o n  and c h a r a c t e r i z a t i o n  
o f  l i f e ,  specimen c o n s e r v a t i o n  f o r  sample r e t u r n  t o  E a r t h ,  and 
con tamina t ion  c o n t r o l  t o  prevent  con tamina t ing  t h e  sample, t h e  
a s t r o n a u t s ,  and e v e n t u a l l y  E a r t h .  

An impor t an t  f u n c t i o n  o f  t h e  f l y b y  m i s s i o n  i s  t h e  e a r l y  
d e t e c t i o n  and c h a r a c t e r i z a t i o n  o f  l i f e .  A s  a q u i c k  s c a n  f o r  de- 
t e c t i o n ,  morpho log ica l  methods i n v o l v i n g  a microscope module a r e  
bes t  , s i n c e  t h e y  y i e l d  i n f o r m a t i o n  w i t h o u t  assuming a p a r t i c u l a r  
b i o c h e m i s t r y .  With o r  w i thou t  v i s u a l  d e t e c t i o n ,  r a d i o i s o t o p i c  
and p h y s i o l o g i c a l  t e c h n i q u e s  could i n d i c a t e  whether  gas  e v o l u t i o n ,  
growth,  and molecu la r  me tabo l i c  a c t i v i t i e s  a r e  o c c u r r i n g .  The 
d e t e r m i n a t i o n  o f  o p t i c a l  a c t i v i t y  and m o l e c u l a r  t y p e  w i l l  be  done 
t o  a s c e r t a i n  t h e  p r e s e n c e  of  t e r r e s t r i a l  b i o l o g i c a l  mo lecu le s ,  or 
new molecu le s  hav ing  g e n e r a l  b i o l o g i c a l  p r o p e r t i e s .  

The major  p o r t i o n  of t h e  sample must be p r e s e r v e d  f o r  
Ear th  l a b o r a t o r y  s t u d i e s  which can  u t i l i z e  equipment o f  g r e a t e r  
d i v e r s i t y  and r e s o l u t i o n  and b r i n g  t o  bear  t h e  t a l e n t s  o f  a 
la rger  number o f  h i g h l y  t r a i n e d  p e r s o n n e l .  A v a r i e t y  o f  known 
p r e s e r v a t i o n  methods would be used t o  maximize t h e  chance of  
r e t u r n i n g  a v i a b l e  sample.  Act ive s t a t e  c u l t i v a t i o n  i s  a n  e x c e l -  
l e n t  method b u t  may n o t  be  p o s s i b l e  s i n c e  i t  depends upon d e t e c t i n g  
an  organism and de te rmin ing  i t s  growth r e q u i r e m e n t s .  Most 
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methods preserve organisms in the dormant state, but additional 
precautions should include methods which preserve the samples in 
the non-viable state such as chemical fixation for on-earth 
microscopy. 

Because of the unknown nature of the extraterrestrial 
materials and the dangers of false discoveries through ciJntamina- 
tion of the samples with Earth biota, contamination control is 
necessary. These precautions include isolating the sample and 
plant and animal subjects exposed to it for pathological tests, 
as well as sterilizing all materials and probes introduced into 
the sample. 

This program can yield valuable information about the 
biological properties of the sample. The early on board investi- 
gation coupled with the capability of determining pathogenicity 
to terrestrial organisms are of greatest importance. The great- 
est success would be the ability to observe and cultivate a 
Martian organism. However, results of importance to the biolo- 
gical theory of the origin and nature of life will be obtained 
by chemical analysis alone. 

B. Geophysics 

particle and magnetic field environment above the Martian sur- 
face in addition to the properties of the surface and solid body 
of the planet. The state of our current information in this area 
is based on a combination of earth-based observations and 
Mariner IV data. 

The geophysics experiment area includes the charged 

Physical Observations and Theories 

The mass of Mars has been well determined from the 
orbital constants of its two moons, Phobos and Deimos, and inde- 
pendently by noting the perturbation of the trajectory of 
Mariner IV.. Optical measurements of the planet radius have been 
reviewed. ( 2 )  with a recommendation that values for the equatorial 
and polar radii of 3375 +10 km and 3350 +10 km, respectively, be 
provisionally adopted. 
of the mean Martian radius based upon Mariner IV radio occulta- 
tion data has yielded a value of 3390 +6 km. (I5) 
value may be somewhat restricted in thst it refers to the planet 
radius at only two points, namely occultation immersion and 
emersion. If we accept the error in planet radius as +l/3%, the 
corresponding error in mean planet density is about l%-(the error 
in planet mass is only . 0 6 % ) .  

Kore recently a preliminary determination 

This latter 
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Ear th-based  o b s e r v a t i o n s  of t h e  o r b i t a l  c o n s t a n t s  of 
Phobos and Deimos have a l s o  p rov ided  an  a c c u r a t e  v a l u e  f o r  J2,  

t h e  second o r d e r  term i n  t h e  harmonic expans ion  of t h e  g r a v i t a -  
t i o n a l  p o t e n t i a l  of Mars. Here J2  = - - - .002, where C i s  t h e  

moment of i n e r t T a  about  t h e  s p i n  a x i s  of Mars, A i s  t h e  moment of  
i n e r t i a  abou t  an e q u a t o r i a l  a x i s ,  M i s  t h e  p l a n e t  mass, and a i s  
t h e  mean r a d i u s .  I f  n y d r o s t a t i c  e q u i l l i b r i u m  i s  assumed,* tKe 
dynamical  f l a t t e n i n g  i s  o b t a i n e d  d i r e c t l y  f rom t h e  v a l u e  of J 2 ,  
knowing o n l y  t h e  r a t i o  of  c e n t r i f u g a l  f o r c e  t o  g r a v i t y  a t  t h e  Mars 
e q u a t o r .  The c a l c u l a t e d  h y d r o s t a t i c  f l a t t e n i n g  t u r n s  o u t  t o  b e  

f = .0052. The o p t i c a l l y  observed  f l a t t e n i n g  ( 2 )  i s  about  t w i c e  
t h i s  v a l u e  ( f  = .0105). 

2 Ma 

So f a r  as t h e  i n t e r n a l  c o n s t i t u t i o n  of  Mars i s  concerned ,  
one of t h e  more i n t e r e s t i n g  q u e s t i o n s  i s  whether t h e  p l a n e t  i s  
chemica l ly  d i f f e r e n t i a t e d .  An obvious exper iment  would be t h e  
sea rch  f o r  ev idence  of a c o r e .  Although no d i r e c t  ev idence  p e r -  
t a i n i n g  t o  t h i s  q u e s t i o n  e x i s t s  now, a number of  p o s s i b l e  models 
have been s u g g e s t e d .  Using p h y s i c a l  models based l a r g e l y  upon 
what w e  know about  t h e  E a r t h ,  w i th  t h e  measured v a l u e s  of  M and 
J2 as c o n s t r a i n t s  on t h e  models,  es t imates  have  been made o f  pos- 
s i b l e  d e n s i t y  d i s t r i b u t i o n s  f o r  paramet r ic  v a l u e s  of  p l a n e t  r a d i u s  
and f l a t t e n i n g .  ( 3 )  While t h e  l a c k  of s u f f i c i e n t  data p r o h i b i t s  a 
un ique  s o l u t i o n ,  g e n e r a l  t r e n d s  i n  t h e  r e s u l t s ,  and c e r t a i n  spe-  
c i f i c  examples ,  a re  o f  i n t e r e s t .  For example, f o r  i n c r e a s e d  
v a l u e s  of f l a t t e n i n g ,  h o l d i n g  t h e  p l a n e t  r a d i u s  c o n s t a n t ,  t h e  s u r -  
f a c e  d e n s i t y  of t h e  model i n c r e a s e s  and t h e  r a d i u s  of  t h e  c o r e  
d e c r e a s e s .  For  c o n s t a n t  v a l u e s  of  t h e  f l a t t e n i n g ,  an i n c r e a s e  i n  
t h e  p l a n e t  r a d i u s  produces  a d e c r e a s e  i n  t h e  s u r f a c e  d e n s i t y  and 
a n  i n c r e a s e  i n  t h e  c o r e  r a d i u s .  For  t h e  c a s e  t h a t  Mars i s  i n  
h y d r o s t a t i c  e q u i l i b r i u m  ( i . e . ,  f = .0052), and assuming a p l a n e t  
r a d i u s  of 3390 km as s u g g e s t e d  by Mar iner  I V ,  a c o r e  r a d i u s  of 
1100-1200 km and a s u r f a c e  d e n s i t y  of  3 .65 g/cm3 a re  i n d i c a t e d .  
T h i s  i s  t r u e  f o r  a c o r e  m a t e r i a l  which i s  e i t h e r  mol t en  i r o n ,  s o l i d  
i r o n  s i l i c a t e ,  or s o l i d  i r o n .  The i n t r o d u c t i o n  of a phase t r a n s i -  
t i o n  i n  t h e  upper  mant le  o f  Mars (600-1000 km deep) s e r v e s  t o  r e d u c e  
b o t h  t h e  c o r e  r a d i u s  and s u r f a c e  d e n s i t y .  Again for t h e  c a s e  
f = .0052, and assuming a d e n s i t y  change of 10-15% a t  t h e  t r a n s i -  
t i o n  boundary,  t h e  c o r e  rad ius  i s  reduced  t o  600 km o r  less  and 

These l a t t e r  
v a l u e s  are i n  a c c o r d  w i t h  t h e  mean d e n s i t y  o f  t h e  moon and t h e  
d e n s i t y  o-f t h e  E a r t h l s  upper  man t l e .  

t h e  c o r r e s p o n d i n g  s u r f a c e  d e n s i t y  t o  3.4-3.5 g/cm 3 . 

1 
1 

*For t h e  E a r t h  t h e r e  i s  only abou t  a 1% d i f f e r e n c e  between 
t h e  obse rved  and h y d r o s t a t i c  v a l u e s  f o r  J2. 
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C a l c u l a t i o n s  of t h e  t h e r m a l  c o n s t i t u t i o n  of  t h e  Mars 
I f  i t  i s  assumed tha t  i n t e r i o r  have a l s o  been c a r r i e d  o u t .  ( 3 )  

t h e  p l a n e t  composi t ion  was o r i g i n a l l y  t h a t  o f  t h e  c h o n d r i t i c  
m t e o r i t e s ,  t h e  i n h e r e n t  r a d i e a c t i v i t y  wecld l e z d  t o  m e l t i n g  and 
e v e n t u a l  g r a v i t a t i o n a l  d i f f e r e n t i a t i o n .  The r e s u l t i n g  i r o n  c o r e  
would c o n t a i n  about  1 0 %  of t h e  p l a n e t  mass. Assuming t h e  Mar iner  
I V  v a l u e  f o r  t h e  p l a n e t  r a d i u s ,  t h i s  c o r e  mass would b e  too g r e a t  
to accommodate t h e  upper  mant le  phase  t r a n s i t i o n  c o n s i d e r e d  above. 

Earth-based i n f r a r e d  o b s e r v a t i o n s  o f  t h e  Mars s u r f a c e  
t e m p e r a t u r e  a t  p e r i h e > l i ~ n ( ~ )  i n d i c a t e  a d i u r n a l  f l u c t u a t i o n  con- 
s i d e r a b l y  g r e a t e r  t h a n  f o r  t he  E a r t h ,  b u t  l ess  t h a n  f o r  t h e  moon. 
Temperature  v a l u e s  r a n g e  from - 4 9 ° C  a t  7 a . m .  l o c a l  t i m e  t o  t 3 9 O C  
a t  2 p.m. Obse rva t ions  of t h e  n i g h t t i m e  t e m p e r a t u r e  from E a r t h  
are  n o t  p o s s i b l e .  However, t h e o r e t i c a l  models f o r  t h e  s u r f a c e  
t e m p e r a t u r e  o v e r  t h e  e n t i r e  p l a n e t  s u g g e s t  a d a i l y  low o f  - 6 2 O C  
a t  dawn ( s t i l l  a t  t h e  p e r i h e l i o n  p o s i t i o n ) .  The r e l a t i v e l y  h i g h  
ampl i tude  for t h e  d i u r n a l  t empera tu re  c y c l e  may b e  a t t r i b u t e d  t o  
v e r y  low thermal  c o n d u c t i v i t y  i n  t h e  upper  s u r f a c e  l a y e r s .  T h i s  
p robab ly  means a ve ry  porous m a t e r i a l ,  c o n s i s t e n t  w i t h  a me teo ro id  
impact  r u b b l e  l a y e r .  Marial a r e a s  have been no ted  to b e  about  8 O  

warmer t h a n  s u r r o u n d i n g  a r e a s  du r ing  t h e  d a y ;  t h i s  i s  d i r e c t l y  
a t t r i b u t a b l e  t o  t h e i r  g r e a t e r  a b s o r p t i o n  o f  t h e  s o l a r  r a d i a t i o n .  

Mar iner  I V  photographs showed a c r a t e r  marked s u r f a c e  
which appeared  more moon-like than  E a r t h - l i k e .  The d e n s i t y  of  
c r a t e r s  l a r g e r  t h a n  2 0  km i n  diameter seems t o  f a l l  i n  between t h a t  

obse rved  i n  t h e  l u n a r  maria and c o n t i n e n t s .  * ( 4 )  T h i s  s u g g e s t s  t h e  
p r e s e n c e  o f  some e r o s i o n  mechanism, a t  l ea s t  i n  t h e  e a r l y  h i s t o r y  
of  t h e  p l a n e t ,  which has  obscured many of  t h e  c r a t e r s  and f e a t u r e s  
which were t h e  r e s u l t  o f  t h e  o r i g i n a l  p l a n e t a r y  f o r m a t i o n  p r o c e s s .  
No d i r e c t  ev idence  o f  vo lcanism e x i s t s ,  as t h e  b e s t  r e s o l u t i o n  o f  
t h e  Mar iner  I V  p h o t o s  was about 4 k m .  Fur thermore ,  these  p h o t o s  
covered  t o o  small a f r a c t i o n  of t h e  t o t a l  s u r f a c e  area t o  r e v e a l  
much of t h e  v a r i e t y  of  s u r f a c e  d e t a i l .  I n  g e n e r a l ,  i t  seems t h a t  
b o t h  Mar t i an  c o n t i n e n t  and mare areas a re  covered  w i t h  s imi l a r  
b r i g h t  and dark  s p o t s  having  l i n e a r  d imens ions  from 10-100 km, t h e  
main d i f f e r e n c e  b e i n g  a h i g h e r  d e n s i t y  o f  d a r k e r  s p o t s  i n  t h e  maria. 

Mar iner  I V  a l s o  c a r r i e d  s e v e r a l  p a r t i c l e  and f i e l d  meas- 
u r i n g  i n s t r u m e n t s .  P a r t i c l e  d e t e c t o r s  o p e r a t i n g  th rough  e n c o u n t e r  
a t  a minimum r a d i a l  d i s t a n c e  of 13 ,200  k m  f a i l e d  t o  r e c o r d  e v i d e n c e  
of  M a r t i a n  r a d i a t i o n  b e l t s  w h i c h  are  i n  any way ana logous  t o  t h e  

*Recent communication w i t h  P r o f e s s o r  Bruce Murray o f  C a l t e c h  
has r e v e a l e d  t h a t  a n a l y s i s  o f  Mariner  I V  p h o t o s  i s  c o n t i n u i n g  and 
may s u g g e s t  t h a t  i n  a t  l ea s t  two pho tos  c r a t e r i n g  has r e a c h e d  t h e  
s a t u r a t e d  stage t y p i c a l  o f  l u n a r  h i g h l a n d s .  
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Van A l l e n  b e l t s  s u r r o u n d i n g  t h e  E a r t h .  (5) Using t h e  s o l a r  wind- 
E a r t h  magnet ic  d i p o l e  f i e l d  as a model,  t h e  absence  of  t r a p p e d  
p a r t i c l e s  a t  t h a t  minimum d i s t a n c e  leads t o  a n  upper  bound f o r  a 
d i p o l e  magnet ic  f i e l d  a t  t h e  Mars e q u a t o r  o f  about  100-200  gammas 
( i . e . ,  O . i %  - .05% of  t n e  E a r t h ' s  magnet ic  d i p o l e  moment). Mari- 
n e r  I V  magnetometer d a t a  l e a d s  t o  e s s e n t i a l l y  t h e  same c o n c l u s i o n .  

Flyby Miss ion  Experiments  

From t h e  f o r e g o i n g  d i s c u s s i o n  i t  i s  obvious  t h a t  more 
a c c u r a t e  data i s  needed on t h e  f i g u r e  of Mars. The g e o m e t r i c a l  
f i g u r e  can b e  o b t a i n e d  from s t e r e o  photographs  and from r e p e a t e d  
o c c u l t a t i o n s  o f  a n  a r t i f i c i a l  s a t e l l i t e  i n  o r b i t  about  Mars. 
Improved da ta  on t h e  g r a v i t a t i o n a l  p o t e n t i a l  can b e  o b t a i n e d  by  
t r a c k i n g  t h i s  same s a t e l l i t e .  

Data b e a r i n g  on t h e  a c t i v i t y  and i n t e r n a l  c o n s t i t u t i o n  
of  Mars w i l l  b e  d e r i v e d  p r i m a r i l y  f rom seismometer  and h e a t  f low 
measurements.  Se i smic  data  no t  o n l y  p r o v i d e s  a measure of t h e  
number and magnitude of p o s s i b l e  Mars quakes ,  i t  a l s o  can de t e r -  
mine t h e  a c o u s t i c  v e l o c i t y  v s .  d e p t h  p r o f i l e  f o r  t h e  p l a n e t .  
T h i s  p r o f i l e  data  o f f e r s  improved c o n t r o l  o v e r  t h e  d e n s i t y - d e p t h  
models.  The p r e s e n c e  or absence  o f  a f l u i d  c o r e  can  b e  unambig- 
o u s l y  de te rmined .  The heat  f l o w  exper iment  measures  t h e  thermal  
c o n d u c t i v i t y  and s t e a d y - s t a t e  h e a t  f l u x  a t  t h e  p l a n e t  s u r f a c e .  
S u r f a c e  heat f l u x  measurements s e r v e  as boundary v a l u e s  i n  pro-  
b l e m s  a t t e m p t i n g  t o  model t h e  the rma l  c o n s t i t u t i o n  of  t h e  Mars 
i n t e r i o r  d i s c u s s e d  e a r l i e r .  

The n e t  r e s u l t  of  t h e s e  a d d i t i o n a l  measurements i s  
t o  narrow t h e  spec t rum of p l a u s i b l e  models d e s c r i b i n g  t h e  i n t e -  
r i o r  p r o p e r t i e s  of Mars. The immediate g o a l  i s  t o  u n d e r s t a n d  
as much about  Mars as we do about  t h e  E a r t h .  T h i s  i n f o r m a t i o n  
p r o v i d e s  a basis  f o r  comparing d i f f e r e n t  p l a n e t s  i n  t h e  s o l a r  
sys tem which shou ld  l ead  t o  some i n f e r e n c e s  abou t  t h e i r  e a r l y  
f o r m a t i o n .  

Measurements of  t h e  magnet ic  f i e l d  b o t h  on t h e  s u r -  
f a c e  and i n  Mars o r b i t  can p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h e  
p l a n e t  i n t e r i o r .  D e s p i t e  t he  n e g a t i v e  r e s u l t s  o f  Mar iner  I V ,  
t h i s  can  s t i l l  be a wor thwhi le  expe r imen t .  I n  t h e  f i r s t  p l a c e ,  
t he re  may be  a magnet ic  f i e l d  of i n t e r n a l  o r i g i n  which i s  a t y p i c a l  
of  t h e  E a r t h  c a s e  and would not  n e c e s s a r i l y  be d e t e c t e d  a t  t h e  
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Mar ine r  I V  a l t i t u d e .  Second ly ,  even  t h e r e  i s  no n a t u r a l  
f i e l d  o f  i n t e r n a l  o r i g i n ,  t h e  magnet ic  f i e l d  c o n t a i n e d  w i t h i n  
t h e  s o l a r  plasma w i l l  i n t e r a c t  w i t h  t h e  a tmosphere  and s o l i d  
body o f  Mars and s h o u l d  b e  measured. 

A s o i l  mechanics  exper iment  t o  measure mechan ica l  
p r o p e r t i e s  of  t h e  s u r f a c e  m a t e r i a l  would b e  of  i n t e r e s t  t o  t h e  
d e s i g n  of  f u t u r e  l a n d i n g  s p a c e c r a f t .  Data on t h e  d e n s i t y ,  co- 
h e s i v e n e s s ,  a n g l e  of  i n t e r n a l  f r i c t i o n ,  and g e n e r a l  s t a t i c  and 
dynamic b e a r i n g  p r o p e r t i e s  shou ld  be o b t a i n e d .  

Evidence  o f  t h e  ave rage  s u r f a c e  compos i t ion  o v e r  as 
much o f  t h e  p l a n e t  a r e a  as p o s s i b l e  s h o u l d  b e  o b t a i n e d .  T h i s  
s h o u l d  i n c l u d e  r e t u r n e d  samples  o f  b o t h  l o o s e  material  l y i n g  on 
t h e  s u r f a c e  and c o r e  samples. I n  s i t u  alpha b a c k s c a t t e r  mea- 
su remen t s  may d e t e r m i n e  t h e  p r e s e n c e  of  t h e  more common E a r t h -  
t y p e  s i l i c a t e  m i n e r a l s .  Fo r  l a r g e  a e r i a l  cove rage  a t  minimum 
expense ,  t h e  f e w  d e t a i l e d  l o c a l  compos i t ion  samples  can  be  sup- 
p lemented  by s p e c t r o m e t e r s  i n  t h e  i n f r a r e d ,  v i s i b l e ,  u l t r a -  
v i o l e t ,  and gamma r a y  p o r t i o n  of  t h e  spec t rum c a r r i e d  i n  a h i g h  
a l t i t u d e  r e c o n n a i s s a n c e  mode ( e . g . ,  on boa rd  t h e  M . M .  and o r -  
b i t e r  p r o b e ) .  Composi t ion sampling o v e r  t h e  s u r f a c e  w i l l  i n -  
d i c a t e  t h e  e x t e n t  of  l a t e r a l  d i f f e r e n t i a t i o n  and p r o v i d e  a 
boundary v a l u e  f o r  e x t r a p o l a t i n g  t o  estimates of  t h e  compos i t ion  
o f  t h e  p l a n e t  i n t e r i o r .  

Radiometer  i n s t r u m e n t s  f lown i n  a r e c o n n a i s s a n c e  mode 
can  s e a r c h  f o r  thermal  a n o m a l i e s - i n  t h e  s u r f a c e  a t  v a r i o u s  wave- 
l e n g t h s ,  as w e l l  as a p p r a i s e  t h e  d i u r n a l  t e m p e r a t u r e  v a r i a t i o n s  
f o r  t h e  a v e r a g e  s u r f a c e .  From t h i s  da t a  g ross  i n f e r e n c e s  can  b e  
drawn r e l a t i n g  t o  t h e  geometry ,  c o n d u c t i v i t y ,  and d e n s i t y  of  s u r -  
f a c e  m a t e r i a l ,  

The expe r imen t s  d i s c u s s e d  h e r e  and t h e i r  a p p l i c a t i o n s  
are summarized i n  F i g u r e  2 a c c o r d i n g  t o  t h e  d e l i v e r y  v e h i c l e  t o  
which e a c h  exper iment  would be a s s i g n e d .  

C .  Meteorology 

P r i o r  t o  Mar iner  I V ,  o b s e r v a t i o n s  of  t h e  Mars a tmosphere  
were l i m i t e d  t o  e a r t h - b a s e d  t e l e s c o p i c  imagery ,  s p e c t r o s c o p y ,  and 
r a d i o m e t r y .  Based on these  early o b s e r v a t i o n s  v a r i o u s  models 
were p roposed  t o  p r o v i d e  a more g e n e r a l  d e s c r i p t i o n  of  t h e  Mars 
a tmosphere ,  f r e q u e n t l y  r e l y i n g  on knowledge of  t h e  E a r t h ' s  atmos- 
phere .  While Mar iner  I V  data proved t o  be  i n  g e n e r a l  agreement  
w i t h  some a s p e c t s  o f  t h e s e  models,  i t  was i n  n o t a b l e  d i s a g r e e -  
ment i n  a t  l e a s t  two c r i t i c a l  a r e a s ,  namely,  compos i t ion  and s u r -  
face p r e s s u r e .  
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Mariner  I V  data does ,  i n  f a c t ,  r e p r e s e n t  on ly  a p re -  
l i m i n a r y  s t e p  i n  o u r  unde r s t and ing  of t h e  Mar t i an  a tmosphere .  
A comprehensive program des igned  t o  i n v e s t i g a t e  t h e  meteoro logy  
of Mars must i n c l u d e  a broad  s tudy  o f  t h e  s e v e r a l  a tmosphe r i c  
p a r a m e t e r s  a s  a f u n c t i o n  of l a t i t u d e ,  l o n g i t u d e ,  a l t i t u d e ,  and 
t i m e .  The meteoro logy  exper iment  program f o r  t h e  manned Mars 
f l y b y  mis s ion  r e p r e s e n t s  a r e a s o n a b l e  nex t  s t e p  towards  t h i s  
g o a l .  

P h y s i c a l  Obse rva t ions  and T h e o r i e s  

The t e m p e r a t u r e  o f  t h e  Mars s u r f a c e  i s  an  impor t an t  
boundary v a l u e  i n  t h e  s t u d y  of t h e  a tmosphe r i c  p a r a m e t e r s .  By 
making c e r t a i n  a s sumpt ions  a b o u t  t h e  r a d i a t i v e  p r o p e r t i e s  of  
t h e  Mars s u r f a c e ,  t h e  obse rved  v a l u e  of  o p t i c a l  a lbedo  l e a d s  t o  
an i n f e r r e d  ave rage  t empera tu re  of  220'K. I n f r a r e d  observa-  
t i o n s ( 6 ) ( 7 )  y i e l d  a n  ave rage  t empera tu re  somewhat h i g h e r ,  namely,  
25O0K. By ana logy  w i t h  d r y ,  sandy r e g i o n s  on E a r t h ,  t h e  n e a r  
s u r f a c e  a tmosphere  t empera tu re  has been e s t i m a t e d  t o  b e  about  
50' l ower  t h a n  t h i s , ( 8 )  o r  a b o u t  200'K. 
agreement  w i t h  an  e s t i m a t e  of  t h e  t e m p e r a t u r e  from t h e  Mar iner  I V  
o c c u l t a t i o n  data  o f  180  + 20°K a t  immersion and 250'K a t  emers ion .  

T h i s  i s  i n  s u b s t a n t i a l  

- 

C a r e f u l  a n a l y s i s  of Mar t ian  s p e c t r a  has e s t a b l i s h e d  a 
lower  abundance l i m i t  of  about  1 0  gm cm-' f o r  C 0 2 .  
of w a t e r  vapor  i n  t h e  a tmosphere  has a l s o  been  e s t a b l i s h e d ,  a l -  
t hough  e s t i m a t e s  of i t s  q u a n t i t y  r ange  f r o m  % 1 . 4  x 

. Recent r e p o r t s  on r e s u l t s  o f  s p e c t r o -  t o  2 x lo -*  gm cm 
s c o p i c  o b s e r v a t i o n s  of Mars w i t h  a h igh  r e s o l u t i o n  i n t e r f e r o -  
me te r  i n d i c a t e  t h e  presence  of a s u r p r i s i n g l y  h igh  f r a c t i o n  
( Q  of  methane d e r i v a t i v e s  i n  t h e  a tmosphere .  No o t h e r  
components have been unambiguously i d e n t i f i e d .  

The p r e s e n c e  

g m  cm - 2 ( 9 )  
-2 (10) 

Pre-Mariner  I V  c a l c u l a t i o n s  of s u r f a c e  p r e s s u r e  were 
s u s p e c t  t o  c o n s i d e r a b l e  u n c e r t a i n t y .  Although o b s e r v a t i o n a l  
as t ronomy p r o v i d e s  a number of methods f o r  p r o b i n g  t h e  p r e s s u r e  
of p l a n e t a r y  a tmosphe res ,  i n t e r p r e t a t i o n  of t h e  data  r e l i e s  
h e a v i l y  on a s sumpt ions  about  o the r  p r o p e r t i e s  of t h e  same atmo- 
s p h e r e .  The s i m p l e s t  methods a r e  based on p o l a r i z a t i o n  s t u d i e s  
and pho tomet ry .  S u r f a c e  p r e s s u r e s  deduced from p o l a r i z a t i o n  
measurements r anged  from 3 0  - 200 mb, ( I2 )  whi le  f o r  t h e  photo-  
m e t r i c  t e c h n i q u e  t h e  r ange  was approx ima te ly  60 - 1 1 0  mb. 

The most a c c u r a t e  remote method of  p r e s s u r e  d e t e r m i n a t i o n  
i s  s p e c t r o s c o p y  where t h e  p r e s s u r e  e f f e c t  on s p e c t r a l  l i n e  broaden-  
i n g  can  be obse rved .  With c e r t a i n  a s sumpt ions  i t  can be shown 
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t h a t  t h e  l i n e  w i d t h  f o r  weak l i n e  a b s o r p t i o n  depends on gas 
p a r t i c l e  d e n s i t y ,  w h i l e  f o r  s t r o n g  l i n e  a b s o r p t i o n  i t  depends 
on b o t h  p r e s s u r e  and d e n s i t y .  In  p r i n c i p l e ,  t h e n ,  measurement 
o f  t h e  l i n e  w i d t h  f o r  b o t h  l i n e s  can  d e t e r m i n e  b o t h  t h e  t o t a l  
abundance of a b s o r b i n g  gas and i t s  t o t a l  s u r f a c e  p r e s s u r e ,  assuming 
some a t m o s p h e r i c  p r o f i l e .  When t h i s  method was a p p l i e d  t o  t h e  

M a r t i a n  atmosphere u s i n g  weak C02 bands a t  8700 A and s t r o n g  bands 
a t  1 .57  and 1.60 p, t h e  c a l c u l a t e d  minimum p r e s s u r e  v a r i e d  between 
4 . 2 ( 1 3 )  and 6.4 mb!’) on t h e  assumption t h a t  t h e  atmosphere was 
p u r e  C 0 2 .  

t h e  obse rved  C 0 2  p r e s s u r e  ( %  1 0  m b ) ,  most i n v e s t i g a t o r s  f e l t  
t h a t  t h e  Mars a tmosphere ,  l i k e  t h a t  of  t h e  E a r t h ,  c o n t a i n e d  a 
p reponderance  o f  n i t r o g e n  which, owing t o  i t s  s p e c t r o s c o p i c  i n e r t -  
n e s s ,  had n e v e r  been i d e n t i f i e d  d i r e c t l y .  The a c c e p t e d  v a l u e  o f  
t he  s u r f a c e  p r e s s u r e  c e n t e r e d  about  85 mb, w i t h  t h e  4-6 mb v a l u e s  
c o n s i d e r e d  as p o s s i b l e  lower l i m i t s .  

0 

Although these  l a s t  p r e s s u r e  v a l u e s  were c o n s i s t e n t  w i t h  

The Mar iner  I V  o c c u l t a t i o n  exper iment  confirmed t h e  
e a r l i e r  es t imate  o f  C 0 2  abundance, b u t  i n d i c a t e d  t h a t  C 0 2  i s  a 
major  c o n s t i t u e n t  of  t h e  Marti’an a tmosphere .  The p o s s i b i l i t y  o f  
a l a r g e  admix tu re  o f  A (up to 50%) or N2 (up t o  2 0 % )  i s ,  however, 
n o t  exc luded  by t h e  data. A t o t a l  s u r f a c e  p r e s s u r e  o f  5-10 m b  
i s  c o n s i s t e n t  w i t h  t h e  o c c u l t a t i o n  data.  Values  f o r  t he  s u r f a c e  
number d e n s i t y  and mass d e n s i t y  have a l s o  been c a l c u l a t e d  from 
t h i s  data.  

The- Mar iner  I V  o c c u l t a t i o n  exper iment  y i e l d e d  t h e  f i r s t  
g l impse  i n t o  t h e  a c t u a l  s t r u c t u r e  o f  t h e  M a r t i a n  atmosphere by 
o b t a i n i n g  data which r e f e r  t o  d i s t i n c t l y  d i f f e r e n t  r e g i o n s  of  t h e  
a tmosphere .  Based upon c e r t a i n  p l a u s i b l e  a s sumpt ions ,  t h e  occu l -  
t a t i o n  data p r o v i d e s  a measure o f  t h e  s c a l e  he igh t  i n  t h e  lower  
a tmosphere  from which t empera tu re  can  be  d e r i v e d .  I n  a d d i t i o n  
a n  i o n o s p h e r e  was d e t e c t e d  w i t h  a peak d e n s i t y  of  about  lo5 e l e c -  
t rons /cm3 o c c u r r i n g  n e a r  1 2 0  km, a plasma s c a l e  h e i g h t  o f  abou t  
25 km, p o s s i b l y  a secondary  d e n s i t y  peak  n e a r  1 0 0  km, and a n i g h t -  
t i m e  e l e c t r o n  d e n s i t y  of less  t h a n  lo3 cmm3. 

While n o t h i n g  i s  known e x p l i c i t l y  abou t  t h e  p r o p e r t i e s  
o f  t he  n e u t r a l  a tmosphere a t  t h e s e  upper  a l t i t u d e s ,  models have 
been proposed  which a t t e m p t  t o  p r e d i c t  them based on t h e  measured 
e l e c t r o n  a e n s i t y  p r o f i l e .  These models r e l y  on a n  u n d e r s t a n d i n g  
o f  t h e  p h y s i c a l  p r o c e s s e s  i n  t h e  E a r t h ’ s  a tmosphere .  The two 
p r i n c i p a l  s tab le  l a y e r s  i n  the  t e r r e s t r i a l  i o n o s p h e r e  a re  t h e  
E and F r e g i o n s ,  w i t h  t h e  l a t t e r  a c t u a l l y  s u b d i v i d e d  i n t o  F1 and 
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F2. 
these  r e g i o n s ,  and i t  i s  no t  c l e a r  which one,  i f  any ,  f i t s  t h e  
obse rved  c h a r a c t e r  o f  t h e  Mar t ian  i o n o s p h e r e .  Most of  t h e  work 
f o r  Mars has been done on E- and F2-type models,  a l t h o u g h  many 
a s p e c t s  o f  b o t h  models seem i n a p p r o p r i a t e .  T y p i c a l  v a l u e s  f o r  
n e u t r a l  number d e n s i t y  ( C 0 2 )  p r e d i c t e d  by these  two models d i f -  

f e r  by as much as th ree  o r d e r s  o f  magnitude a t  1 0 0  km, w h i l e  f o r  
t e m p e r a t u r e  t h e  two models d i f f e r  by n e a r l y  l O O O K  a t  1 0 0  km and 
300°K a t  300 km. 

S u b s t a n t i a l l y  d i f f e r e n t  p h y s i c a l  models app ly  t o  each  of  

The only  measure o f  dynamic p r o c e s s e s  i n  t h e  Mars 
atmosphere i s  based on t h e  t e l e s c o p i c  o b s e r v a t i o n  of  c louds  and 
d u s t  s to rms  from which a peak wind speed  of  150-200 mete r s / sec  
has been estimated. 

Flvbv Miss ion  ExDeriments 

Atmospheric composi t ion  a t  300  km and above i s  measured 
d i r e c t l y  w i t h  a mass s p e c t r o m e t e r  on board  t h e  f l y b y  v e h i c l e .  I R ,  
v i s i b l e ,  and UV s p e c t r o m e t e r s  p r o v i d e  i n d i r e c t  measurements of t h e  
composi t ion  p r o f i l e  from t h e  same v e h i c l e .  The a tmosphe r i c  d r a g  
p r o b e s  add data on t h e  composi t ion  p r o f i l e  by making mass s p e c t r o -  
meter and W r a d i o m e t e r  measurements a l o n g  t h e  v e h i c l e  p a t h  d u r i n g  
d e s c e n t .  Mass s p e c t r o m e t e r  measurements w i l l  be compl i ca t ed  by 
t h e  p r e s e n c e  of  a b l a t i o n  p r o d u c t s  b u t  t h e i r  u s e f u l n e s s  cannot  a t  
t h i s  t i m e  be e l i m i n a t e d .  Repeated o c c u l t a t i o n  measurements made 
w i t h  t h e  o r b i t e r  probe  de te rmine  lower  atmosphere r e f r a c t i v i t y  
from which composi t ion  may be i n f e r r e d .  Gas chromatographs on 
boa rd  t h e  MSSR and l a n d e r  probes  p r o v i d e  i n t e r m i t t e n t  measurements 
of t h e  a tmosphe r i c  composi t ion  a t  two d i f f e r e n t  p o i n t s  on t h e  s u r -  
f a c e  d u r i n g  t h e  l i f e t i m e  of t h e  s t a t i o n s .  

An u l t r a v i o l e t  p o l a r i m e t e r  aboard  t h e  o r b i t e r  p r o v i d e s  
i n f o r m a t i o n  on t h e  p r e s e n c e  and s t r u c t u r e  o f  a e r o s o l s  by examining 
t h e  o p t i c a l  p r o p e r t i e s  o f  t he  a tmosphe r i c  medium. P a r t  o f  t h e  
MSSR probe  m i s s i o n  i n c l u d e s  t h e  r e t u r n  o f  a n e a r  s u r f a c e  a e r o s o l  
sample t o  t h e  M . M .  

The pa rame te r  whose s tudy  w i l l  be  g i v e n  t h e  wides t  cover-  
age i s  t e m p e r a t u r e .  Both t h e  M.M.  and t h e  o r b i t e r  are equipped  
w i t h  i n f r a r e d  and microwave r a d i o m e t e r s  which measure s u r f a c e  t e m -  
p e r a t u r e .  While measurements from t h e  f l y b y  v e h i c l e  are  c o n f i n e d  
t o  t h e  hour  or s o  b r a c k e t i n g  encoun te r ,  t h e  o r b i t e r  w i t h  a nominal  
l i f e t i m e  o f  one y e a r  and a n e a r  p o l a r  o r b i t  w i l l  o b t a i n  a s y n o p t i c  
s u r v e y  o f  s u r f a c e  t e m p e r a t u r e s  a t  a l l  l a t i t u d e s  o f  t h e  p l a n e t  ro- 
t a t i n g  th rough  i t s  o r b i t a l  p l a n e .  S u r f a c e  t e m p e r a t u r e  i s  a l s o  
c o n t i n u o u s l y  moni tored  by t h e  weather s t a t i o n s  on t h e  MSSR and 
l a n d e r  p r o b e s  which w i l l  be emplaced a t  l o c a t i o n s  f a r  a p a r t ,  s ay  
n e a r  t h e  p o l e  and i n  t h e  e q u a t o r i a l  r e g i o n .  Sounding r o c k e t s  
launched  from t h e  l a n d e r  probe s i t e  t o  a l t i t u d e s  o f  30 km a t  i n t e r -  
v a l s  o f  a month o r  s o  w i l l  r e c o r d  t h e  t e m p e r a t u r e  p r o f i l e  i n  t h e  
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lower  a tmosphere .  I n d i r e c t  measurements of  t h e  t e m p e r a t u r e  pro-  
f i l e  b o t h  i n  t h i s  a l t i t u d e  range  as w e l l  as a t  i o n o s p h e r i c  a l t i -  
t u d e s  w i l l  be o b t a i n e d  from r e p e a t e d  r a d i o  o c c u l t a t i o n s  of t h e  
o r b i t e r  i n  a manner s imilar  t o  t h a t  of Mar iner  I V .  Tempera ture  
p r o f i l e s  i n  t h e  lower  atmosphere w i l l  a l s o  be measured from t h e  
drag p r o b e s  once t h e y  d e c e l e r a t e  to t h e  r e g i o n  o f  Mach 1 ve lo -  
c i t i e s .  

D i r e c t  p r e s s m e  measuring i n s t r u m e n t s  are i n c l u d e d  i n  
t h e  drag p robe  payload  to r e c o r d  t h e  p r o f i l e  i n  t h e  lower  atmo- 
sphere.  S i m i l a r  i n s t r u m e n t a t i o n  i s  i n c l u d e d  i n  t h e  weather sta- 
t i o n  package, as w e l l  a s  on t h e  sounding  r o c k e t s .  

t h e  drag p robe .  Three a x i s  a c c e l e r o m e t e r s  r e c o r d  t h e  d e c e l e r a -  
t i o n  p r o f i l e ,  from which t h e  upper a tmosphere d e n s i t y  p r o f i l e  can  
be i n f e r r e d .  Dens i ty  measurements i n  t h e  lower atmosphere are i n -  
fe r red  from t h e  r e f r a c t i v i t y  va lues  de t e rmined  by t h e  o r b i t e r  
o c c u l t a t i o n  expe r imen t .  Depending on t h e  o r b i t  geometry,  t h i s  
may c o v e r  a wide  r ange  o f  l a t i t u d e s  and l o n g i t u d e s .  

N e u t r a l  a tmosphere d e n s i t y  measurements are made on 

A broad s y n o p t i c  survey of  t h e  i o n o s p h e r i c  p r o f i l e  
w i l l  be  Obtained from o c c u l t a t i o n  measurements ,  as w e l l  as from 
t h e  t o p s i d e  sounder  aboard  the  o r b i t e r .  The t o p s i d e  sounder  
aboa rd  t h e  M . M .  w i l l  p robe  t h e  upper ionosphe re  d u r i n g  e n c o u n t e r .  
Repeated l o c a l  measurements w i l l  be performed w i t h  i o n o s p h e r e  
sondes  a t  t h e  weather s t a t i o n s .  

The above summary i n d i c a t e s  t h a t  t h e  s t r u c t u r a l  para- 
meters o f  t h e  Mar t i an  atmosphere w i l l  be  sampled o v e r  a wide  
r a n g e  o f  p o s i t i o n s  on the  p l a n e t ' s  s u r f a c e  and above i t ,  w i t h  
t h e  p o s s i b l e  - excep t ion  of t h e  in te rmedia te  a l t i t u d e  r ange  between 
% 30 k m  and t h e  i o n o s p h e r e .  T h i s  s h o u l d  f a c i l i t a t e  a f a i r l y  
r e l i a b l e  r e c o n s t r u c t i o n  o f  t he  p l a n e t ' s  a tmosphere upon success -  
f u l  comple t ion  o f  t h e  f l y b y  mis s ion .  

The dynamic p r o c e s s e s  i n  t h e  atmosphere w i l l  be 
e x p l o r e d  p r i m a r i l y  t h r o u g h  pho tograph ic  t e c h n i q u e s .  Re levan t  c l u e s  
to t h e  g e n e r a l  c i r c u l a t i o n  p a t t e r n  o f  t h e  Mar t i an  a tmosphere  w i l l  
be o b t a i n e d  from photography of c l o u d s  and t h e i r  mot ion  from t h e  
o r b i t e r  and,  t o  a lesser  e x t e n t ,  t h e  M . M .  T h i s  approach  has been 
found to be of g rea t  u t i l i t y  w i th  E a r t h  c i r c l i n g  weather s a t e l l i t e s .  
These o b s e r v a t i o n s  on a p l a n e t a r y  s c a l e  w i l l  be s u p p o r t e d  by l o c a l  
s u r f a c e  wind measurements and c loud  photography a t  t he  weather 
s t a t i o n s .  

- F i g u r e  3 summarizes t h e  meteoro logy  expe r imen t s  and 
a p p l i c a t i o n s  d i s c u s s e d  here. 
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D.  Photography Experiment 

Photography as  a n  exper iment  i s  n o t  an end i n  i t s e l f ,  
b u t  r a t h e r  i t  s u p p o r t s  t h e  t h r e e  s c i e n t i f i c  d i s c i p l i n e s  - b i o l o g y ,  
g e o p h y s i c s ,  and meteorology - which c a t e g o r i z e  t h e  e x p e r i m e n t a l  
program f o r  t h e  i n v e s t i g a t i o n  of Mars. I n  i t s  s u p p o r t i n g  r o l e ,  
t h e n , t h e  r e q u i r e m e n t s  f o r  photography - and here  w e  i n c l u d e  i m a -  
g e r y  a t  o t h e r  t h a n  v i s i b l e  wavelengths  - w i l l  be  s e t  b y  t h e s e  
t h r e e  d i s c i p l i n e s .  Imagery showing t h e  p l a n e t  s u r f a c e  r a n g i n g  
fPCT i t s  g r o s s  shape  down t o  t h e  n a t u r e  o f  i t s  m i c r o r e l i e f  i s  con- 
s i d e r e d  p a r t  of geophys ic s .  Imagery o f  t h e  atmosphere a t  v a r i o u s  
wavelengths  showing c loud  coverage and t e m p e r a t u r e s  i s  c o n s i d e r e d  
p a r t  o f  meteoro logy .  F i n a l l y ,  w h i l e  t h e r e  may be  no photography 
which b e a r s  d i r e c t l y  on b io logy ,  c e r t a i n l y  pho tograph ic  informa- 
t i o n  does  a i d  i n  t h e  d e s c r i p t i o n  of t h e  g e n e r a l  environment  which 
w i l l  b e  i n v e s t i g a t e d  f o r  l i f e  forms. T e l e s c o p i c  photography,  of  
c o u r s e ,  s u p p o r t s  t h e  en  r o u t e  astronomy program. 

The bes t  earth-based photographs  o f  t h e  Mars s u r f a c e  
o b t a i n e d  to date  have been a t  a r e s o l u t i o n  o f  abou t  80  k m .  I n f r a -  
r ed  s c a n s  t o  r e c o r d  s u r f a c e  t empera tu re  are  c a p a b l e  o f  r e s o l v i n g  
l i t t l e  more t h a n  one t e n t h  of t h e  p l a n e t  diameter.  Mariner  I V  
photography,  w h i l e  c o v e r i n g  only abou t  1% of  t h e  s u r f a c e  a t  no 
b e t t e r  t h a n  4 km r e s o l u t i o n ,  proved t o  be a major  s t e p  i n  o u r  
u n d e r s t a n d i n g ,  d e s t r o y i n g  o l d  m y t h s  abou t  Mar t i an  " c a n a l s "  and 
r e v e a l i n g  i n s t e a d  a moon-like c r a t e r e d  s u r f a c e .  Major q u e s t i o n s  
such  as t h e  n a t u r e  o f  t h e  da rken ing  wave s t i l l  remain and w i l l  
p r o b a b l y  c o n t i n u e  t o  p u z z l e  u s  u n t i l  s u c h  bar r ie rs  as t h e  E a r t h ' s  
a tmosphere  and t h e  l a r g e  Earth-Mars d i s t a n c e  a r e  surmounted. 

Cancra Systems and O b j e c t i v e s  

The photography experiment  a rea  i n c l u d e s  n i n e  imaging 
i n s t r u m e n t s , o r  cameras ,each  cons ide red  t o  be  a separate  e x p e r i -  
ment.  F i g u r e  4 shows t h e  cameras used  on each  s p a c e c r a f t  and 
t h e  pr imary  o b j e c t i v e s  of t h e s e  e x p e r i m e n t s .  The f o l l o w i n g  
pal-agraphs d e s c r i b e  t h e  o b j e c t i v e s ,  camera t y p e ,  and expec ted  
per formance  o f  t h e  photography e x p e r i m e n t s .  

1. Telescope  Camera 

The pr imary  o b j e c t i v e  o f  t h i s  exper iment  i s  t o  p r o v i d e  
probe  t a r g e t i n g  da t a .  T h i s  r e q u i r e s  h i g h  a n g u l a r  r e s o l u -  
t i o n  t o  o b t a i n  data  e a r l y  enough to be u s e f u l  and m u l t i -  
s p e c t r a l  c a p a b i l i t y  because t h e  t a r g e t i n g  data  w i l l  c o n s i s t  
of  photographs  and s p e c t r o g r a p h s  i n  t h e  UV, v i s i b l e  and I R  
r e g i o n s .  A t e l e s c o p e  of  t h i s  s i z e  has many secondary  ex- 
per iment  o b j e c t i v e s .  These i n c l u d e  measur ing  t h e  shape  o f  
t h e  p l a n e t ,  o b t a i n i n g  photographs  o f  g e o l o g i c  p r o c e s s e s ,  
t a k i n g  h i g h  r e s o l u t i o n  photographs  d u r i n g  f l y b y ,  and making 
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m u l t i s p e c t r a l  r e f l e c t a n c e  and p o l a r i z a t i o n  measurements of 
t h e  s u r f a c e .  Cloud coverage ,  s t r u c t u r e ,  c o l o r ,  motion,  
t e m p e r a t u r e  and composi t ion can  a l s o  be measured. As t ro-  
nomy o b j e c t i v e s  i n c l u d e  o b s e r v i n g  t h e  moons o f  Mars a t  
c l o s e  r a n g e ,  c h a r t i n g  a s t e m i d s ,  o b s e r v i n g  i n t e r p l a n e t a r y  
d u s t  and u s i n g  t h e  m u l t i s p e c t r a l  c a p a b i l i t y  t o  make s t e l l a r  
b r i g h t n e s s  measurements over  a wide wavelength  band. If 
t h e  t e l e s c o p e  can  b e  adapted  t o  s o l a r  o b s e r v a t i o n s ,  s t e r e o  
pho tographs  of t h e  sun can  b e  t a k e n  i n  c o n j u n c t i o n  w i t h  
E a r t h  o r b i t i n g  t e l e s c o p e s .  

A d i f f r a c t i o n  l i m i t e d  r e f l e c t i n g  t e l e s c o p e  w i t h  a s i n g l e  
pr imary  m i r r o r  of one meter a p e r t u r e  i s  c o n s i d e r e d  for t h i s  
expe r imen t .  For some purposes  i t  would b e  o p e r a t e d  docked 
t o  t h e  f l y b y  v e h i c l e ;  f o r  l o n g  exposures  i t  would b e  un- 
docked from t h e  manned v e h i c l e  and p o i n t e d  r emote ly  or 
a u t o m a t i c a l l y .  

T h i s  t e l e s c o p e  would p rov ide  p h o t o g r a p h i c  r e s o l u t i o n  
from E a r t h  o r b i t  about  e q u a l  t o  t h a t  of t h e  b e s t  a v a i l a b l e  
ea r th -based  t e l e s c o p e  ( 8 0  k m ) .  Photographs a t  e n c o u n t e r  
have b e t t e r  t h a n  1 meter r e s o l u t i o n  compared w i t h  4 k m  
r e s o l u t i o n  a v a i l a b l e  from Mariner  I V .  

2 .  Wide Angle Camera 

The pr imary  o b j e c t i v e  o f  t h i s  exper iment  i s  t o  take 
h i g h  r e s o l u t i o n  photographs  of a wide swath  of  t h e  s u r f a c e  
a t  e n c o u n t e r .  E i t h e r  a c o n v e n t i o n a l  wide a n g l e  a e r i a l  
camera or a moving f i l m  s t r i p  camera cou ld  be  used .  The 
c o n v e n t i o n a l  camera has a wider f i e l d  of view b u t  i s  some- 
what more complex and b u l k i e r  t h a n  a s t r i p  camera p r o v i d i n g  
t h e  same r e s o l u t i o n .  

A l a r g e  wide f i e l d  camera can p r o v i d e  s u r f a c e  r e s o l u -  
t i o n  of  abou t  1 meter n e a r  p e r i a p s i s  and cove r s  a swath 
i n i t i a l l y  s t r e t c h i n g  from h o r i z o n  t o  h o r i z o n  and nar rowing  
t o  a b o u t . 6 0 0  k m  n e a r  t h e  t e r m i n a t o r .  T h i s  expe r imen t  
g e n e r a t e s  more pho tograph ic  data  t h a n  a l l  o t h e r s  combined. 

3.  M u l t i s p e c t r a l  Camera 

The o b j e c t i v e  of  t h e  m u l t i s p e c t r a l  camera i s  t o  photo-  
g r a p h  t h e  s u r f a c e  a t  encoun te r  i n  v a r i o u s  bands of t h e  UV 
and v i s i b l e  spec t rum at  v a r i o u s  p o l a r i z a t i o n  a n g l e s .  These 
data are used t o  h e l p  i d e n t i f y  t h e  s u r f a c e  t y p e  b y  compar- 
i s o n  w i t h  known s u r f a c e s .  

A c o n v e n t i o n a l  m u l t i - l e n s  ae r i a l  camera cou ld  be used 
t o  expose up t o  1 6  p i c t u r e s  o f  t h e  same area th rough  
v a r i o u s  f i l t e r s  o n t o  t h e  same p i e c e  of  f i l m .  A separate  
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f i l m  might be needed i f  it i s  d e s i r e d  t o  e x t e n d  cove rage  
i n t o  t h e  I R  r e g i o n .  

Because of the  small  f i l m  s i z e  and wide  f i e l d  o f  view,  
t h e  s u r f a c e  r e s o l u t i o n  i s  o n l y  about  1 0 0  meters .  T h i s  i s  
t h r e e  o r d e r s  of magnitude b e t t e r  t h a n  t h a t  o b t a i n a b l e  from 
E a r t h  and f o r t y  times b e t t e r  t h a n  t h e  ve ry  l i m i t e d  m u l t i -  
s p e c t r a l  coverage  provided  by Mar iner  I V .  M u l t i s p e c t r a l  
and m u l t i p o l a r  m2asurements can  be made a t  phase  a n g l e s  
up t o  abou t  goo, w e l l  beyond t h e  43' o b t a i n a b l e  from E a r t h .  
T h i s  may improve t h e  d i s c r i m i n a t i o n  i n  i d e n t i f y i n g  s u r f a c e  
c omp o s  i t i o n .  

4 .  I n f r a r e d  Imaging Radiometer 

The purpose  o f  t h i s  mechan ica l ly  scanned i n f r a r e d  
imaging sys tem i s  t o  p rov ide  a map o f  t h e  b r i g h t n e s s  
t e m p e r a t u r e  of t h e  s u r f a c e  a t  s e v e r a l  wavelengths  d u r i n g  
e n c o u n t e r .  T h i s  p rov ides  a means of l o c a l i z i n g  anomalous 
t e m p e r a t u r e  v a r i a t i o n s  a s  p o s s i b l e  l o c a t i o n s  o f  v o l c a n i c  
a c t i v i t y  and l i f e  and ,  i n  c o n j u n c t i o n  w i t h  t h e  m u l t i s p e c -  
t r a l  camera and an  I R  s p e c t r o m e t e r ,  p r o v i d e  a p o s s i b l e  
means o f  mapping r e g i o n s  of s imilar  m o l e c u l a r  compos i t ion .  

The  I R  r a d i o m e t e r  i s  s imilar  t o  t h o s e  used  on t h e  
Nimbus s a t e l l i t e s  b u t  w i t h  l a r g e r  o p t i c s  and p o s s i b l y  
c r y o g e n i c a l l y  coo led  d e t e c t o r s .  Up t o  s i x  wavelength bands 
would be used  w i t h  a f i e l d  ,of view approx ima t ing  90' b e i n g  
scanned .  The s c a n n e r  o p t i c a l  a x i s  would p o i n t  g e n e r a l l y  
downward l i k e  the-&de ang le  and m u l t i s p e c t r a l  cameras ,  
b u t  s c a n n i n g  would con t inue  a c r o s s  t h e  e n t i r e  f a c e  of  t h e  
p l a n e t  r a the r  t h a n  s t o p p i n g  a t  t h e  t e r m i n a t o r .  

The r e s o l u t i o n  of t h e  s u r f a c e  b r i g h t n e s s  t e m p e r a t u r e  
maps can  be  t h r e e  t o  f o u r  o r d e r s  o f  magni tude b e t t e r  t h a n  
o b t a i n a b l e  from E a r t h  and can  i n c l u d e  wavelengths  n o t  pos- 
s i b l e  a t  t h e  E a r t h ' s  sur f -ace .  It i s  a l s o  p o s s i b l e  t o  
measure s u r f a c e  t e m p e r a t u r e s  on t h e  dark  s i d e ,  t h e r e b y  pro-  
v i d i n g  data f o r  a n a l y z i n g  t h e  thermal  p r o p e r t i e s  o f  t h e  
s u r f a c e .  

5 .  O r b i t e r  Photo Subsystem 

The o b j e c t i v e  o f  t h e  o r b i t e r  probe  pho to  subsys tem i s  
t o  take  modera te  r e s o l u t i o n  photographs  n o t  p o s s i b l e  from 
t h e  f l y b y  v e h i c l e .  The p o l a r  o r b i t  o f  t h e  o r b i t e r  probe  
p r o v i d e s  a c c e s s i b i l i t y  t o  a lmos t  a l l  l a t i t u d e s  and e n a b l e s  
t h e  photographs  t o  be t a k e n  a t  d i f f e r e n t  sun  a n g l e s .  

The pho to  subsystem i s  e s s e n t i a l l y  t h a t  u sed  on t h e  
Lunar O r b i t e r  w i t h  some m o d i f i c a t i o n s  t o  i n c r e a s e  t h e  p i c -  
t u r e  r e a d o u t  r a t e .  S ince  communications l i m i t  t h e  t i m e  
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available for transmitting pictures, it is desirable to 
transmit them at a high rate when the communication dis- 
tance to the M.M. is short. 

The orbiter photo subsystem will provide photos with 
about 7 meter resolution - about 500 times better than 
Mariner IV. It can take vertical photos of the polar 
regions and the landing sites of all the other probes. 

6. Orbiter Television Subsvstem 

The objective of the orbiter probe television experi- 
ment is to provide synoptic color photos of the seasonal 
changes in the Martian surface and atmosphere. 

A three-color slow scan vidicon camera using color- 
separating mirrors or filters is considered for this exper- 
iment. The television camera has a demonstrated long life 
capability and a data output compatible with communications 
direct to Earth. The television camera might use the lens 
of the photo subsystem, operating only after the photo 
experiment was completed. 

With this lens the surface resolution would be over 
100 times better than Mariner IV. Design lifetime of the 
experiment is one-half of a Martian year, thereby giving 
coverage of all four seasons since both hemispheres are 
observed. 

7. Recovered Film Camera 

The objective of this experiment is to provide high 
resolution color stereo photographs of the MSSR landing 
site showing the interaction of the probe and the surface. 
Pictures of retrorocket cratering, footpad penetration, 
sample acquisition, and dust deposits on the spacecraft 
will provide information about the mechanical properties 
of the soil. These photos will also provide useful data 
on the surface area in which the return samples are col- 
lected. 

A small conventional camera, possibly using both color 
and fine grain black and white film, would be mounted on 
an articulated arm. The spacecraft programmer would control 
the picture taking sequence and then cause the camera to 
deposit the film magazine in the rendezvous rocket for 
return to the flyby vehicle. 

This camera can provide the very high surface reso- 
lution ( ~ 1  mm) needed to view the surface microrelief di- 
rectly. It is adaptable to artificial illumination so that 
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p i c t u r e s  can be t a k e n  immediately a f t e r  l a n d i n g  i n  t h e  d a r k  
b e f o r e  t h e  wind d i s t u r b s  t h e  s u r f a c e  i n t e r a c t i o n s .  

8 .  F a c s i m i l e  Camera 

The p r i m a r y  o b j e c t i v e  o f  t h e  f a c s i m i l e  t e l e v i s i o n  
camera on t h e  MSSR i s  to p r o v i d e  a panoramic photograph  
o f  t h e  l a n d i n g  s i t e  s o  t h a t  t h e  a s t r o n a u t s  can  t a r g e t  t h e  
s u r f a c e  sample r s  t o  t h e  most p rcmis ing  areas.  T h i s  camera 
has  a number of secondary  o b j e c t i v e s  i n c l u d i n g  making 
' s t e r e o  measurements of t h e  s u r r o u n d i n g  topography a t  v a r i o u s  
sun  a n g l e s ,  o b s e r v i n g  t h e  deployment o f  t h e  o t h e r  e x p e r i -  
ments ,  and o b s e r v i n g  changing s k y  and s u r f a c e  c o n d i t i o n s .  

A mechan ica l ly  scanned f a c s i m i l e  t e l e v i s i o n  camera 
i s  n e c e s s a r y  t o  meet t h e  p r imary  o b j e c t i v e  o f  t h i s  e x p e r i -  
ment because  i t  can  make a panoramic p i c t u r e  i n  a s i n g l e  
q u i c k  s c a n .  O t h e r  t e l e v i s i o n  cameras produce  narrow f i e l d  
p i c t u r e s  which must be mosaiced i n t o  a panorama. The f a c -  
s i m i l e  camera can  probably  a l s o  be adapted  t o  make narrow 
f i e l d  p i c t u r e s  i f  these a r e  more a p p l i c a b l e  t o  t h e  secon-  
d a r y  o b j e c t i v e s .  

Cameras o f  t h i s  t y p e  have been used  on t h e  Russ i an  
moon l a n d i n g  p r o b e s  anh produce a n g u l a r  r e s o l u t i o n s  of %3 
m i l l i r a d i a n s .  A t  t h e  minimum r a n g e  t o  t h e  s u r f a c e ,  t h i s  
camera would g i v e  a s u r f a c e  r e s o l u t i o n  o f  %5 mm. 

9 .  T e l e v i s i o n  Camera 

The pr imary  o b j e c t i v e  o f  t h e  t e l e v i s i o n  camera on t h e  
l a n d e r  p robe  i s  t o  observe t h e  l o c a l  t e r r a i n  and sky con- 
d i t i o n s .  It has secondary o b j e c t i v e s  similar t o  t h e  MSSR 
f a c s i m i l e  t e l e v i s i o n  camera. 

Because a q u i c k  panoramic s c a n  i s  n o t  needed b e f o r e  
sample,  c o l l e c t i o n ,  t h i s  camera need n o t  be a f a c s i m i l e  
camera.  It i s  l i k e l y  t h a t  a f a c s i m i l e  camera would be used  
u n l e s s  a c o n v e n t i o n a l  v i d i c o n  t e l e v i s i o n  camera such  as on 
Surveyor  p r o v e s  much more adaptab le  t o  t h e  secondary  ob jec -  
t i v e s .  The Surveyor  camera p r o v i d e s  h i g h e r  r e s o l u t i o n  
(%1/2 m i l l i r a d i a n )  b u t  i s  h e a v i e r  and b u l k i e r .  

E .  En Route Experiments  

I n  a d d i t i o n  t o  t h e  o b s e r v a t i o n s  o f  Mars i t s e l f ,  t h e r e  
a r e  m a n y ' s c i e n t i f i c  measurements o f  pr ime impor t ance  t o  be pe r -  
formed go ing  and coming back which t h i s  m i s s i o n  w i l l  make pos- 
s i b l e  f o r  t h e  f i r s t  t i m e .  Three such  expe r imen t s  of  e s p e c i a l  
i n t e r e s t  w i l l  b e :  1) s t e r e o  photographs  o f  t h e  s u n ,  2 )  c l o s e  



B E L L C O M M .  INC. - 25 - 

r ange  photographs  o f  t h e  moons o f  Mars, and 3 )  sampling of m i -  
c r o m e t e o r o i d s  i n  t h e  a s t e r o i d  b e l t  between Mars and J u p i t e r .  

The complex p h y s i c a l  p r o c e s s e s  o c c u r r i n g  i n  t h e  s u n ' s  
v i s i b l e  s u r f a c e  are as jet. l a r g e l y  unexp la ined .  We know t h a t  t h e  
pho tosphe re  ( t h e  i n n e r  b r i g h t e s t  r e g i o n )  i s  c h a r a c t e r i z e d  by 
g r a n u l a t i o n s  , s u p e r  g r a n u l a t i o n s  , and weak magnet ic  f i e l d s  , b u t  
w e  need t o  r e s o l v e  them t o  s m a l l e r  dimensions and a n a l y z e  t h e i r  
v e l o c i t y  p a t t e r n s .  We know t h a t  t h e  chromosphere ( t h e  much h o t -  
t e r  l a y e r  between t h e  photosphere  and t h e  o u t e r  c o r o n a )  e x h i b i t s  
c e l l  s t r u c t u r e s  and s p i c u l e s  w i t h  l a r g e  magnet ic  f i e l d s ,  bu t  w e  
need t o  r e s o l v e  t h e  m i c r o s t r u c t u r e  o f  t h e  c e l l s  and a n a l y z e  
t h e i r  v e r t i c a l  and h o r i z o n t a l  v e l o c i t y  components and o s c i l l a t o r y  
b e h a v i o u r .  S i m i l a r l y ,  much s tudy  a t  h igh  r e s o l u t i o n  of f l a r e s  
th roughou t  t h e i r  l i f e t i m e ,  s u n s p o t s ,  and prominences i s  e s p e c i -  
a l l y  i m p o r t a n t  i n  l e a r n i n g  t o  p r e d i c t  t h e  ve ry  l a r g e  s o l a r  e v e n t s .  

The f i r s t  d i f f r a c t i o n  l i m i t e d  space  t e l e s c o p e  of about  
one meter d i a m e t e r  p l a c e d  o u t s i d e  t h e  E a r t h ' s  a tmosphere w i l l  
make a l a r g e  c o n t r i b u t i o n  toward s o l v i n g  many of  t h e  above pro-  
b l e m s .  T h i s  t e l e s c o p e  shou ld  improve by about  t h r e e  t imes t h e  
b e s t  r e s o l u t i o n  h e r e t o f o r e  achieved  on t h e  E a r t h ,  which i s  l i m -  
i t e d  b y  t u r b u l e n c e  i n  t h e  atmosphere t o  t h e  e q u i v a l e n t  o f  about  
a 12-inch t e l e s c o p e  i n  s p a c e .  T h i s  pushes  t h e  r e s o l u t i o n  on t h e  
sun  i n  t h e  v i s i b l e  from about  750 km down t o  250 k m .  The r e s o -  
l u t i o n  f o r  low c o n t r a s t  s u r f a c e  f e a t u r e s  on t h e  sun i s  somewhat 
l e s s  t h a n  what t h e  a c t u a l  d i f f r a c t i o n  l i m i t  would a l l o w .  

The Mars f l y b y  miss ion  s h o u l d  o f f e r  a g r e a t  bonus t o  
t h i s  t y p e  o f  s o l a r  o b s e r v a t i o n  by making p o s s l b l e  t h e  s i m u l t a -  
neous o b s e r v a t i o n  o f  t h e  sun  by - two one me te r  d i f f r a c t i o n  l i m i t e d  
t e l e s c o p e s ,  one on t h e  Mars Mission Module and one i n  E a r t h  o r b i t .  
By choos ing  obse rv ing  t imes d u r i n g  t h e  e a r l y  and l a t e  phases o f  
t h e  m i s s i o n ,  s t e r e o  a n g l e s  between t h e  two t e l e s c o p e s  subtended  
b y  t h e  s u n  o f  from 5" t o  20' can be u t i l i z e d  f o r  about  30 d a y s .  
By t i m e  s y n c h r o n i z i n g  t h e  photographs  from t h e  two t e l e s c o p e s ,  
a c c u r a t e  th ree -d imens iona l  c o n s t r u c t i o n s  can be made ove r  t h e  
e n t i r e  f i e l d ' o f  view of  d e t a i l s  o f  t h e  s u n ' s  s u r f a c e  a t  h i g h  
r e s o l u t i o n .  Fur thermore ,  by t a k i n g  t i m e d  sequences  of  e x p o s u r e s ,  
v e l o c i t i e s  o f  movement throughout  t h e  t h r e e  d imens iona l  f i e l d  can 
a l s o  be  c o n s t r u c t e d .  T h i s  could  a l s o &  done a t  s e l e c t e d  wave- 
l e n g t h s  t o  look p r e f e r e n t i a l l y  a t  d i f f e r e n t  d e p t h s  o r  phenomena, 
such  as f l a r e s  a t  H a .  Thus,  t h e  combina t ion  o f  h i g h  r e s o l u t i o n  
and s t e r e o  o b s e r v a t i o n  promises  a w e a l t h  o f  v a l u a b l e  i n f o r m a t i o n  
which a t  p r e s e n t  cannot  be o b t a i n e d .  

The c l o s e  range  t e l e s c o p i c  photographs  of  t h e  moons 
o f  Mars, Phobos and Deimos, may t e l l  u s  a good d e a l  about  t h e  en- 
v i ronment  of Mars and t h e  o r i g i n  of  Mars and i t s  moons. Spec i -  
f i c a l l y ,  w e  are  anxious  t o  know t h e i r  shape ,  s p i n  b e h a v i o u r ,  and 
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s u r f a c e  c h a r a c t e r i s t i c s .  While many o b s e r v a t i o n s  o f  these  s a t e l -  
l i t e s  have been c a r r i e d  o u t  from E a r t h ,  l i t t l e  i s  known o f  t h e i r  
s u r f a c e  appearance  o r  s t r u c t u r e .  A d e t a i l e d  o b s e r v a t i o n  of any 
new body i n  t h e  s o l a r  sys tem g r e a t l y  i n c r e a s e s  o u r  t o t a l  know- 
l e d g e  ( w e  have t h u s  f a r  been a b l e  t o  o b s e r v e  on ly  two c l o s e l y  - 
t h e  E a r t h  and t h e  moon). 

S i n c e  t h e  s p a c e c r a f t  pas ses  c l o s e  t o  Mars i t  w i l l  pass 
w e l l  w i t h i n  t h e  o r b i t s  of  i t s  moons, t h e  n e a r e s t  approach  t o  them 
depending  upon t h e i r  phase .  The one meter t e l e s c o p e  cou ld  re-  
s o l v e  s t r u c t u r e  smaller t h a n  f i v e  meters on t h e i r  s u r f a c e s  a t  
c l o s e s t  approach.  While pr ime obse rv ing  t i m e  f o r  Mars may p re -  
c l u d e  o b s e r v i n g  Phobos and Deimos w i t h  t h e  one meter t e l e s c o p e  
d u r i n g  t h e  few hours  t h e y  w i l l  b e  w i t h i n  5 0 , 0 0 0  mi l e s ,  some 
d i v i s i o n  o f  t i m e  shou ld  b e  worked o u t  t h a t  g i v e s  good coverage  
o f  b o t h .  

The l a s t  major  en  r o u t e  exper iment  i s  t h e  sampl ing  o f  
micrometeoro ids  i n  t h e  a s t e r o i d  b e l t .  The s p a c e c r a f t  w i l l  e n t e r  
i n t o  t h e  b e l t  and w i l l  p r o v i d e  an o p p o r t u n i t y  t o  measure t h e  
f l u x ,  v e l o c i t i e s  and e n e r g i e s  of t hese  p a r t i c l e s .  If a n  i n  s i t u  
chemica l  a n a l y s i s  can b e  c a r r i e d  o u t  on some o f  t h e  t r a p p e d  
p a r t i c l e s ,  a v a l u a b l e  c l u e  as t o  t h e  s o u r c e  and p o s s i b l y  t h e  epoch 
o f  o r i g i n  o f  such  a s t e r o i d a l  matter would b e  p rov ided .  T h i s  would 
b e  u s e f u l  i n  e x p l a i n i n g  t h e  o r i g i n  and e v o l u t i o n  of t h e  s o l a r  
sys tem.  
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The purpose  of t h i s  s e c t i o n  i s  to show an  exper iment  
pay load  which i l l u s t r a t e s  t h e  p o t e n t i a l  of  a manned f l y b y  m i s s i o n  

ments  and t h e  p r o b e s ,  are such  t h a t  t h e  combina t ion  s e l e c t e d  w i l l  
p r o v i d e  a broad e x p e r i m e n t a l  a t t a c k  on t h e  s c i e n t i f i c  and techno-  
l o g i c a l  q u e s t i o n s  posed e a r l i e r  i n  t h i s  r e p o r t .  The q u e s t i o n  of  
whe the r  t h i s  sample payload  r e p r e s e n t s  a meaningfu l  probe  mix w i l l  
b e  d i s c u s s e d  a t  t h e  c l o s e  of t h i s  s e c t i o n .  

to Mars. mh.-. L l l c  clGlllcllts c f  t h e  payload ,  n a z e l y  t h e  on h ~ i r d  instrl-I.- 

A .  F lvbv  Veh ic l e  

F i g u r e  5 summarizes t he  c l a s s e s  o f  o b s e r v a t i o n s  o f  Mars 
which w i l l  be c a r r i e d  o u t  on board  t h e  f l y b y  v e h i c l e .  The i n d i -  
v i d u a l  exper iment  equipments  a r e  grouped a c c o r d i n g  t o  major  
expe r imen t  a rea ,  as d i s c u s s e d  e a r l i e r .  The weight  numbers shown 
are  for t h e  d e t e c t o r s  and s e n s o r s  a l o n e  and do  n o t  i n c l u d e  t h e  
w e i g h t  f o r  n e c e s s a r y  power,  s t r u c t u r e s ,  e t c .  A measure of  t h e  
i n f o r m a t i o n  expec ted  from each  exper iment  group i s  i n d i c a t e d  
wherever  i t  i s  f e l t  j u s t i f i e d .  Obviously t h e  g r e a t e s t  data  pro-  
d u c e r s  a re  t h e  pho tograph ic  expe r imen t s .  I n  t e rms  o f  t h e  v a l u e  
o f  t h e  data  t h e  r e t u r n e d  sample has t h e  h i g h e s t  p r i o r i t y .  

The drawing on F igu re  5 i n d i c a t e s  t h e  c o n c e p t u a l  de- 
s i g n  o f  t h e  manned f l y b y  v e h i c l e .  B r i e f l y ,  t h e  l a r g e  volume t o  
t h e  r i g h t  shows t h e  probe  s t o r a g e  hanga r ,  t h e  b l ank  volume i n  
t h e  c e n t e r  i s  t h e  a s t r o n a u t  l iv in-g  and working s p a c e ,  and  t h e  
volume to t h e  l e f t  c o n t a i n s  l i f e  s u p p o r t  sys tem s t o r a g e ,  t h e  
E a r t h  r e e n t r y  v e h i c l e ,  and s p a c e c r a f t  p r o p u l s i o n .  The 40" 
a p e r t u r e  o p t i c a l  t e l e s c o p e  i s  shown o p e r a t i n g  i n  a t e t h e r e d  mode 
above t h e  manned v e h i c l e .  

Much o f  t h e  s p e c t r o m e t e r  and r a d i o m e t e r  remote s e n s i n g  
i n s t r u m e n t a t i o n  c a r r i e d  on t h e  f l y b y  v e h i c l e  i s  d u p l i c a t e d  on 
t h e  o r b i t e r  p robe .  I t s  v a l u e  here  i s  t h a t  a b e t t e r  i n s t r u m e n t  
can  be  used  on t h e  f l y b y  v e h i c l e  t o  make a f e w  sample measure- 
ments t h a t  may u l t i m a t e l y  se rve  as c a l i b r a t i o n  i n f o r m a t i o n  f o r  
t h e  probe  c a r r i e d  expe r imen t s .  

B. Drag Probe 

F i g u r e  6 summarizes t h e  exper iment  payload  and t h e  
subsys tem we igh t s  for t h e  aerodynamic drag p robe .  Meteorology 
i s  t h e  o n l y  exper iment  area i n v e s t i g a t e d  by  t h i s  p r o b e ,  b u t  t h e  
combina t ion  o f  i t s  r e l a t i v e l y  l i g h t  we igh t ,  s i m p l i c i t y ,  and t h e  
p o t e n t i a l - b e n e f i t s  of  e a r l y  r e tu rm of data  ( i n  advance of  t h e  
f i n a l  midcourse c o r r e c t i o n s  f o r  t h e  l a n d e r  and MSSR p r o b e s )  makes 
t h i s  p robe  a u s e f u l  i nves tmen t .  A s  s e v e r a l  d i f f e r e n t  r e g i o n s  o f  
t h e  atmosphere may war ran t  i n v e s t i g a t i o n  b y  t h i s  t e c h n i q u e ,  t h r e e  
p r o b e s  a re  i n c l u d e d  i n  t h e  sample pay load .  
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C .  O r b i t e r  Probe 

- 2 8  - 

The exper,ment equipment and subsys tem we igh t s  f o r  t h e  
o r b i t e r  p robe  a re  i l l u s t r a t e d  i n  F i g u r e  7 .  I n  summarizing t h e  
da t a  expec ted  from each  t y p e  o f  expe r imen t ,  t h e  nomencla ture  
" b i t s  d u r i n g  f l y b y "  r e f e r s  to the  t o t a l  number of  b i t s  of i n f o r -  
ma t ion  t r a n s m i t t e d  from t h e  probe to t h e  manned s p a c e c r a f t .  B i t s  
p e r  s econd ,  or "BPS", r e f e r s  t o  t h e  b i t  r a t e  f o r  t r a n s m i s s i o n  
d i r e c t l y  t o  E a r t h .  The t o t a l  number o f  b i t s  w i l l  depend on t h e  
a c t u a l  l i f e t i m e  of t h e  sys tem.  A p e r i o d  of  one t o  two years  
would be  d e s i r a b l e  t o  c y c l e  through a f u l l  Mar t i an  season .  

It w i l l  b e  n o t i c e d  t h a t  an a d d i t i o n a l  exper iment  a r e a ,  
namely " space  environment" ,  has  been added t o  t h e  payload de- 
s c r i p t i o n  f o r  t h i s  p robe .  These two expe r imen t s  are more con- 
c e r n e d  w i t h  t h e  environment t h e  p l a n e t  moves th rough  t h a n  Mars 
i t s e l f ,  and i n  a s e n s e  t h e y  use t h e  p l a n e t ' s  motion t o  c a r r y  
them around t h e  sun .  

One o r b i t e r  probe i s  i n c l u d e d  i n  t h e  payload .  The 
expe r imen t  complement aboa rd  t h e  o r b i t e r  i n v e s t i g a t e s  each  major  
exper iment  area d i r e c t l y  except  sample r e t u r n .  Even here ,  
however, t h e  pho tograph ic  i n f o r m a t i o n  s h o u l d  p r o v i d e  a t  l e a s t  
i n d i r e c t  ev idence  of  any Mar t ian  b i o t a ,  which i s  t h e  pr ime 
o b j e c t i v e  of t h e  sample r e t u r n .  

D .  Mars S u r f a c e  SamDle R e t u r n  Probe 

The MSSR probe ,  shown i n  F i g u r e  8 ,  i s  c a p a b l e  o f  i n -  
v e s t i g a t i n g  d i r e c t l y  each  o f  t h e  f o u r  major  exper iment  a reas .  
4084 l b s  o f  i t s  l anded  payload go i n t o  sample r e t u r n  ( 4 0 1 6  l b s  
f o r  t h e  rendezvous v e h i c l e  and 68 l b s  f o r  t h e  sample c o l l e c t i o n  
mechanism). T h i s  p robe  r e tu rns  approx ima te ly  2 l b s  o f  Mar t i an  
s u r f a c e  mater ia l  to t h e  f l y b y  s p a c e c r a f t .  8 oz o f  t h i s  m a t e r i a l  
i s  a n a l y z e d  i n  t h e  on board  b i o l o g i c a l  l a b o r a t o r y  as soon as 
p o s s i b l e .  The comple te  sample i s  ana lyzed  i n  g r e a t e r  d e t a i l  a t  
t h e  end o f , t h e  m i s s i o n  e i t h e r  on E a r t h ,  i n  E a r t h  o r b i t ,  or i n  
l u n a r  o r b i t ,  depending  on back-contaminat ion  r e q u i r e m e n t s .  

The f i l m  from t h e  panoramic c o l o r  camera i s  r e t u r n e d  
t o  t h e  f l y b y  s p a c e c r a f t  w i t h  t h e  s u r f a c e  sample .  T e r r a i n  photo-  
graphy i s  t r a n s m i t t e d  t o  t h e  M . M .  d u r i n g  p l a n e t  f l y b y ,  u l t i m a t e l y  
s w i t c h i n g  to a d i r e c t  E a r t h  l i n k .  

The geophys ic s  and meteorology expe r imen t s  o p e r a t e  as 
remote  s u r f a c e  i n s t r u m e n t  packages s h a r i n g  a common power and 
t e l e m e t k y  s y s t e m  f o r  communication d i r e c t l y  t o  E a r t h .  These 
expe r imen t s  a re  deployed  i n  t h e  immediate v i c i n i t y  of  t h e  d e s c e n t  
s t a g e  of t h e  MSSR a f t e r  t h e  a s c e n t  s t a g e  has been l aunched .  
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A single MSSR probe has been included in the present 
payload. 

E. Lander Probe 

The lander probe experiment payload and subsystem 
weight breakdown are illustrated in Figure 9 .  The experiment 
payload here is essentially the same as that for the MSSR with 
the exception that it carries several small atmospheric sounding 
rockets instead of a sample return system. The function of this 
probe is to deliver a surface monitoring instrument package some 
place sufficiently removed from the MSSR delivered package to 
sample another part of the Mars environment. Without the return 
sample capability, this can be done for about 1/5 the weight of 
the MSSR probe. 

Several examples of the desirability of separated 
surface landings may be cited. Simultaneous weather stations 
operating on opposite sides of the equator and at the poles would 
provide a clearer picture of planet-wide meteorologic phenomena. 
In the geophysics experiment area simultaneously operating seismic 
stations spaced several hundred to a thousand kilometers apart 
(three stations would be desirable) would aid in locating the 
source (areographic position and depth) of possible seismic dis- 
turbances. In order to determine the average surface heat flow, 
representative measurements should be made in the distinctly dif- 
ferent terrain types. With the little we know about the surface 
at this time, probably all we can say is that heat flow measure- 
ments in both the bright and dark areas would be desirable. 
Finally, whether there is an appreciable internal magnetic field 
or not, it would still be worthwhile having magnetometers opera- 
ting on opposite sides of the equator and at least at one pole 
to monitor magnetic disturbances due to the solar wind interaction 
with the planet. 

A single lander probe is included in the sample payload. 

F. Pavload Mix 

Figure 10 summarizes the elements of the sample payload 
and their respective weights. The weight figures listed under 
the column labelled "scientific payload" include only the instru- 
ment weights and not any of the supporting subsystems. The 
figures for probe weight under the "gross weight" column include 
the entire weight of the probe and its sterilization canister as 
it is stored in the flyby vehicle hangar. The weights for the 
experiments aboard the flyby vehicle itself do not include the 
subsystem support. 
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I n  c o n s i d e r i n g  t h e  o v e r a l l  p robe  mix f o r  t h i s  m i s s i o n ,  
a number o f  o t h e r  probe  t y p e s  were s t u d i e d  and e v e n t u a l l y  e l i m i -  
n a t e d .  Examples of  these  i n c l u d e  Ranger-type pho tograph ic  p robes  
and s low d e s c e n t  a tmospher ic  p robes .  These were e l i m i n a t e d  on 
t h e  grounds  t h a t  t h e  f o u r  probes  s e l e c t e d  cou ld  p r o v i d e  a b e t t e r  
s e l e c t i o n  of  data  on t h e  t o t a l  p l a n e t  environment  w i t h i n  t h e  
a l lowed  weight  c o n s t r a i n t s .  The t o t a l  pay load  weight  of abou t  
3 4 , 0 0 0  l b s  shown i n  F i g u r e  1 0  i s  w i t h i n  t h e  margin o f  a l lowed 
p a y l o a d  de te rmined  by t h e  f l y b y  m i s s i o n  s t u d y  ( o f  which t h i s  
r e p o r t  i s  b u t  one p a r t ) .  

The re  are  a number of f a c t o r s ,  a l l  mutua l ly  i n t e r -  
dependen t ,  which must n e c e s s a r i l y  be c o n s i d e r e d  i n  an  a t t e m p t  t o  
r e f i n e  t h e  probe  mix. One o f  t h e  more obvious  f a c t o r s  i s  which 
p robe  t y p e s  are  amenable t o  unmanned d e l i v e r y  d i r e c t  from E a r t h .  
The MSSR probe  i s  most c r i t i c a l l y  dependent  on t h e  manned f l y b y  
m i s s i o n  p r o f i l e  f o r  t a r g e t i n g ,  sample c o l l e c t i o n  c o n t r o l ,  and 
r e c o v e r y .  The d r a g  p robes  a r e  p robab ly  t o o  l i g h t  weight  t o  e n t e r  
t h e  d i s c u s s i o n  -- and t h e y  may p r o v i d e  v a l u a b l e  i n f o r m a t i o n  f o r  
MSSR t a r g e t i n g .  Both t h e  o r b i t e r  p robe  and t h e  l a n d e r  concep t s  
a re  i n  p r i n c i p l e  d u p l i c a t e d  i n  t h e  Voyager program, namely, t h e  
o r b i t a l  bus and t h e  c a p s u l e  l a n d e r .  C e r t a i n l y  t h e  t r a d e o f f s  
between these  competing modes dese rve  more s t u d y .  A more com- 
p e t i t i v e  o r b i t e r  concept  f o r  t h e  manned f l y b y  m i s s i o n  would be  
one which u s e s  a tmosphe r i c  b rak ing  t o  remove most o f  t h e  v e l o c i t y  
r e q u i r e d  t o  g e t  i n t o  o r b i t . ( 1 4 )  
p robe  weight  by a f a c t o r  o f  t w o  and make more u s e  o f  t h e  a s t r o -  
n a u t s '  a b i l i t i e s  t o  t a r g e t  and c o n t r o l  t h e  e n t r y  maneuvers.  
i iowever ,  f u r t h e r  s t u d y  i s  necessa ry  before t h i s  t e c h n i q u e  and 
t h e  r e s u l t i n g  b e n e f i t s  can b e  accep ted  w i t h  h i g h  c o n f i d e n c e .  

T h i s  method cou ld  c u t  t h e  o r b i t e r  

A second f a c t o r  a f f e c t i n g  t h e  probe  mix i s  t h e  v a l u e  of  
data  r e t r i e v e d  from each  probe  t y p e .  The p r e c e d i n g  d i s c u s s i o n  
i n  t h i s  s e c t i o n  has shown t h a t  most major  exper iment  areas a re  
a t t a c k e d  on each  o f  t h e  p r o b e s ,  g e n e r a l l y  f rom a somewhat d i f -  
f e r e n t  po in t '  of  view. T h i s  m a k e s  t h e  sample pay load  f a i r l y  
d i v e r s e .  It may be  concluded ,  however, t h a t  sample r e t u r n  from 
two d i f f e r e n t  r e g i o n s  of  t h e  Mars s u r f a c e  on a s i n g l e  f l y b y  
m i s s i o n  i s  t h e  o v e r r i d i n g  o b j e c t i v e ,  i n  which c a s e  t h e  o r b i t e r  
and l a n d e r  p robes  c o u l d  be  e l i m i n a t e d .  

Another  f a c t o r  f o r  c o n s i d e r a t i o n  i s  t h e  development 
c o s t  o f  f o u r  d i f f e r e n t  probe  t y p e s .  Assuming i t  i s  d e s i r a b l e  t o  
l a n d  t h e  geophys ic s  and weather m o n i t o r i n g  s t a t i o n s  a t  two d i f -  
f e r e n t  p l a c e s  on t h e  same miss ion ,  i t  might be  a rgued  t h a t  i t  
would be cheape r  t o  deve lop  j u s t  t h e  MSSR, c a r r y  two p e r  m i s s i o n  
and d rop  t h e  o r b i t e r ,  and t h e n  p u t  t he  l a n d e r  development f u n d s  
i n t o  making t h e  Voyager bus per form t h e  des i red  p h o t o g r a p h i c  
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m i s s i o n .  I n  t h e  c o s t  assumption h e r e  we imply n o t  on ly  money 
b u t  a l s o  r e s e a r c h  and development manpower, f a c i l i t i e s ,  e t c .  

Perhaps a l l  t h a t  can  b e  said a t  t h i s  t i m e  i s  t h a t  as 
coinpetlng p r c g r a n  a l t e r n a t i v e s  become b e t t e r  d e f i n e d ,  as w e  l e a r n  
more about  t h e  p l a n e t s  t hemse lves ,  and as w e  l e a r n  more about  
man's  c a p a b i l i t i e s  t o  pe r fo rm i n  s p a c e ,  t h e  r a t i o n a l e  for what i s  
t h e  b e s t  e x p l o r a t i o n  system, even i n  t h i s  l i m i t e d  c a s e ,  w i l l  be- 
come b e t t e r  d e f i n e d .  The sample pay load  i n d i c a t e d  here i s  merely 
meant t o  show, w i t h i n  t h e  known c o n s t r a i n t s  of  t h e  f l y b y  m i s s i o n ,  
an  exper iment  program for Mars e x p l o r a t i o n  which cou ld  be c a r r i e d  
o u t  and would advance our under s t and ing  of  t h e  s o l a r  sys tem i n  
g e n e r a l ,  and t h e  Mar t i an  environment i n  p a r t i c u l a r .  
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V I .  C O N C L U D I N G  REMARKS 

A .  S i g n i f i c a n t  R e s u l t s  Gained From Manned Mars Flyby 

The exper iment  p r c g r a n  which has been d e s c r i b e d  here 
o f f e r s  t h e  p o t e n t i a l  o f  p rov id ing  s i g n i f i c a n t  da ta  b e a r i n g  on 
what have g e n e r a l l y  been r ecogn ized  as t h e  more fundamenta l  and 
i n t e r e s t i n g  problems o f  t h e  Mars envi ronment .  S o l u t i o n s  t o  
t h e s e  problems w i l l  n e c e s s a r i l y  p r o v i d e  new ev idence  i n  our  under-  
s t a n d i n g  o f  t h e  f o r m a t i o n  and h i s t o r y  of  t h e  s o l a r  sys tem,  as w e l l  
as p r o v i d e  t h e  env i ronmen ta l  d a t a  c r i t i c a l  t o  t h e  d e s i g n  and p l a n -  
n i n g  o f  advanced manned Mars l a n d i n g  s y s t e m s .  I n  a d d i t i o n  t o  Mars 
i t s e l f  a number o f  e n  r o u t e  expe r imen t s  have been i d e n t i f i e d  which 
make good use  of  t h e  a s t r o n a u t s '  o b s e r v i n g  t i m e  and take s p e c i a l  
advan tage  o f  t h e  l o c a t i o n  of t h e  f l y b y  s p a c e c r a f t  i n  i t s  o r b i t  
a b o u t  t h e  sun .  

Sample r e t u r n  i s  judged t o  be t h e  most i m p o r t a n t  e x p e r i -  
ment f o r  t h i s  m i s s i o n .  The r e t u r n  of  a sanple o f  t h e  Mar t i an  
s u r f a c e ,  as f a c i l i t a t e d  by the  MSSR p r o b e ,  seems t o  o f f e r  t h e  
g r e a t e s t  p o s s i b i l i t i e s  f o r  t he  q u a n t i t a t i v e  examina t ion  of  e x i s -  
t i n g  or f o s s i l  l i f e  s h o r t  o f  a c t u a l l y  l a n d i n g  men on t h e  s u r f a c e .  
The q u e s t i o n  o f  t h e  e x i s t a n c e  o f  e x t r a t e r r e s t r i a l  l i f e  i s  one o f  
t h e  major  s c i e n t i f i c  q u e s t i o n s  of  ou r  t i m e .  

S p e c i f i c  r e s u l t s  which would be d e r i v e d  from sample 
r e t u r n  would be ev idence  o f  t h e  e x i s t e n c e  of  any p r e s e n t  or f o s -  
s i l  l i f e  on Mars, t h e  chemica l  compos i t ion  of  t h e  s u r f a c e  
mater ia l  i n  t h e  v i c i n i t y  o f  t h e  l anded  p robe ,  and some o f  t h e  
p h y s i c a l  p r o p e r t i e s  of  t h e  s a m p l e .  The b i o l o g i c a l  ev idence  i s  
o f  obv ious  r e l e v a n c e  i n  reexamining o u r  ideas  on t h e  development 
of  l i f e  on E a r t h ,  and i n  c o n s i d e r i n g  t h e  p r o s p e c t s  f o r  l i f e  on 
o t h e r  p l a n e t s ,  bo th  w i t h i n  the  s o l a r  s y s t e m  and beyond. The 
chemica l  and p h y s i c a l  p r o p e r t i e s  o f  t h e  sample w i l l  be compared 
w i t h  a v e r a g e  p r o p e r t i e s  of  m e t e o r i t e s  and t h e  s u r f a c e  o f  t h e  . 
E a r t h  and moon t o  p r o v i d e  y e t  one more s o u r c e  of  data  i n  un- 
r a v e l i n g  the, h i s t o r y  o f  t h e  fo rma t ion  o f  t h e  p l a n e t s  and s o l a r  
s y s t e m .  These p r o p e r t i e s  will a l s o  p r o v i d e  a boundary v a l u e  
f o r  e x t r a p o l a t i o n s  c o n c e r n i n g  t h e  i n t e r i o r  p r o p e r t i e s  o f  Mars. 

Photography o f  Mars d u r i n g  t h e  approach  and e n c o u n t e r  
phases  o f  t h e  m i s s i o n  shou ld  be a p a r t i c u l a r l y  rewarding  en- 
d e a v o r .  Photography t a k e n  w i t h  t h e  a id  of  t he  l a r g e  a p e r t u r e  
o p t i c a l  t e l e s c o p e  between approximate ly  2 and 1 days  b e f o r e  
p l a n e t a r y  e n c o u n t e r  w i l l  p rov ide  b e t t e r  coverage  f o r  Mars t h a n  
e x i s t e d  f o r  t h e  moon p r i o r  t o  Ranger VI1 ( 1 9 6 4 ) .  S p e c i f i c a l l y ,  
abou t  85% of  t h e  Mar t i an  s u r f a c e  area can  be photographed  a t  
r e s o l u t i o n s  b e t t e r  t h a n  1 k i l o m e t e r .  I n  a d d i t i o n  t o  b e i n g  ab le  
t o  map t h e  predominant  f e a t u r e s  on t h e  Mars s u r f a c e ,  s t e r e o  view- 
i n g  of  t h e  e n t i r e  p l a n e t  d i s k  a t  r e s o l u t i o n s  o f  a b o u t  1 km and 
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smaller  p o r t i o n s  o f  tLie d i s k  a t  p ropor t , ona te ly  g rea te r  r e s o l u -  
t i o n s  w i l l  allow a d e t e r m i n a t i o n  o f  t h e  g r o s s  shape o f  t h e  p l a n e t .  
Photography o f  t h e  s u r f a c e  a t  g r e a t e r  r e s o l u t i o n  w i t h  t h e  t e l e -  
scope  w i l l  approach  0 . 5  meters a t  e n c o u n t e r  f o r  s e l e c t e d  areas ,  
w h i l e  t h e  maximixi r e s o l u t i o n  w i l l  be  apprcx fma te ly  1 m i l l i m e t e r  
a c h i e v e d  i n  viewing t h e  s u r f a c e  m i c r o r e l i e f  w i t h  t h e  s o f t  l anded  
r e c o v e r e d  camera s y s t e m .  Close  s c r u t i n y  o f  t h e  p a t t e r n  v a r i a -  
t i o n s  i n  t h e  wave o f  s e a s o n a l  darkening  w i l l  be ma in ta ined  w i t h  
t h e  o r b i t e r  probe .  T h i s  g l o b a l  view coupled w i t h  t h e  s u r f a c e  
m i c r o r e l i e f  o b s e r v a t i o n s  shou ld  r e v e a l  t h e  n a t u r e  of t h e  wave of 
d a r k e n i n g .  The o r b i t e r  probe  can a l s o  su rvey  areas o f  t h e  s u r f a c e  
i n a c c e s s i b l e  t o  photography o f  comparable r e s o l u t i o n  from t h e  f l y -  
by v e h i c l e ,  as w e l l  as mon i to r  a tmospher ic  phenomena such  as d u s t  
s t o r m s  and t h e  b l u e  haze .  M u l t i s p e c t r a l  imagery o f  t he  s u r f a c e  
and a tmosphere ,  e s p e c i a l l y  a t  v i s i b l e  and i n f r a r e d  f r e q u e n c i e s ,  
w i l l  p r o v i d e  a d d i t i o n a l  ev idence  b e a r i n g  on t h e  chemica l  composi- 
t i o n  and thermal  emis s ion  p r o p e r t i e s  o f  t h e  segment o f  t h e  p l a n e t  
o b s e r v a b l e  from t h e  f l y b y  v e h i c l e  n e a r  i t s  p o i n t  o f  c l o s e s t  
approach .  

M e t e o r o l o g i c a l  o b s e r v a t i o n s  w i l l  be  conducted t h r o u g h  a 
s e r i e s  o f  t i m e  sequenced sounding r o c k e t s  launched  from a s i n g l e  
p o i n t  on  t h e  ground and con t inuous  s u r f a c e  weather s t a t i o n s  opera-  
t e d  a t  t h e  s i t e  o f  e a c h  s o f t  l anded  s p a c e c r a f t .  The o b j e c t i v e  
here i s  t o  p r o v i d e  a l t i t u d e  p r o f i l e s  o f  t h e  c r i t i c a l  a tmosphe r i c  
parameters a t  s e l e c t e d  times throughout  t h e  Martian s e a s o n  and t o  
supplement  t hese  w i t h  a cont inuous  r e c o r d  o f  t h e  weather a t  
s e l e c t e d  ground l o c a t i o n s ,  such as t h e  e q u a t o r  and t h e  p o l e s .  
T h i s  i n f o r m a t i o n  would, o f  cour se ,  be supplemented by photography 
o f  a tmosphe r i c  e v e n t s  such  as c louds  and d u s t  s to rms  r e c o r d e d  by 
t h e  o r b i t e r  p robe .  One of  t h e  more i n t e r e s t i n g  r e g i o n s  t o  moni- 
t o r  w i t h  a ground s t a t i o n  would b e  a n  area which, subsequent  t o  
probe  l a n d i n g ,  would be covered  by t h e  p o l a r  cap .  I n  t h i s  way 
t h e  cap f o r m a t i o n  p r o c e s s  could  be moni tored  l o c a l l y  as w e l l  as 
from t h e  g l o b a l  p e r s p e c t i v e  ( o r b i t e r  p r o b e ) .  Composition mea- 
surements  cou ld  de t e rmine  whether  t h e  cap  i s  C 0 2  or H20, and,  i f  

i t  i s  H 2 0 ,  sounding r o c k e t s  could mon i to r  t h e  a tmosphe r i c  water 
vapor  c o n t e n t  which i s  be ing  t r a n s p o r t e d  t o  t h e  cap r e g i o n .  

S i g n i f i c a n t  r e s u l t s  which cou ld  be expec ted  from t h e  
g e o p h y s i c s  exper iment  are  t h e  d e t e r m i n a t i o n  o f  whe the r  Mars has 
a f l u i d  c o r e  or n o t ,  whether t h e  p l a n e t  has e v e r  been chemica l ly  
d i f f e r e n t i a t e d  (and  t h e  h i s t o r y  o f  t h e  d i f f e r e n t i a t i o n  p r o c e s s ) ,  
and t h e  f r equency  and magnitude o f  Mars quakes  (and an explana-  
t i o n  of t h e i r  p r o b a b l e  c a u s e ) .  R e l a t e d  t o  t h i s  would be a 
measure  of t h e  magnet ic  f i e l d  p r o p e r t i e s ,  as t h i s  would p r o v i d e  
t h e  basis f o r  d e t e r m i n i n g  whether  any observed  f i e l d  i s  o f  e x t e r -  
n a l  o r  i n t e r n a l  o r i g i n .  F i n a l l y ,  a c l o s e  measure of t h e  e x t e r n a l  
g r a v i t a t i o n a l  f i e l d  (by  t r a c k i n g  a n  o r b i t i n g  s a t e l l i t e )  would 
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p r o v i d e  ev idence  f o r  t h e  degree  o f  d e p a r t u r e  o f  t h e  p l a n e t a r y  
body from h y d r o s t a t i c  e q u i l i b r i u m  (which i s  a measure o f  t h e  
i n t e r n a l  s t resses  which must b e  s u p p o r t e d  w i t h i n  t h e  p l a n e t ) .  

A number o f  e x c i t i n g  i n v e s t i g a t i o n s  can b e  c a r r i e d  o u t  
as p a r t  of t h e  en  r o u t e  exper iments  program. S t e r e o  pho tos  o f  
t h e  s u n  w i l l  be  p o s s i b l e  a t  i n t e r e s t i n g  p e r i o d s  i n  i t s  a c t i v i t y  
c y c l e  u s i n g  s i m i l a r  t e l e s c o p e s  i n  E a r t h  o r b i t  and on boa rd  t h e  
f l y b y  s p a c e c r a f t  f o r  s imul taneous  o b s e r v a t i o n s .  Not on ly  can 
t h r e e - d i m e n s i o n a l  views of prominences b e  o b t a i n e d ,  bu t  t h e  l i f e  
h i s t o r y  o f  t h e s e  v i s i b l e  even t s  can b e  t r a c e d  more comple t e ly  
t h a n  has  been p o s s i b l e  t o  d a t e  ( t h e  2 7  day  s o l a r  r o t a t i o n  p e r i o -  
d i c a l l y  o b s c u r e s  these  e v e n t s  from E a r t h  o b s e r v a t i o n ) .  Tele- 
s c o p i c  views o f  t h e  moons of Mars n e a r  t h e  t i m e  o f  p l a n e t  
pas sage  w i l l  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on topography ,  a l t h o u g h  
q u e s t i o n s  r e l a t i n g  t o  t h e  h i s t o r y  of t h e  fo rma t ion  o f  Mars and 
i t s  moons w i l l  p robab ly  have t o  w a i t  f o r  s o f t  l a n d e r  p robes  on 
Phobos and Deimos. And f i n a l l y ,  t h e  p o s s i b i l i t y  o f  a n a l y z i n g  a 
sample from t h e  a s t e r o i d  b e l t s  w i l l  shed  new l i g h t  on t h e  composi- 
t i o n  of  t h e  major  e lements  of  t h e  s o l a r  sys tem.  C e r t a i n l y  t h e  
s i m i l a r i t i e s  between t h e  Mars s u r f a c e  sample and t h e  a s t e r o i d  
sample w i l l  be o f  i n t e r e s t  i n  d e t e r m i n i n g  what i s  pr imary  vs  
what i s  secondary  (me teo ro id  i n f l u x )  mater ia l .  

F i g u r e s  11 and 12  summarize t h e  s i g n i f i c a n t  r e s u l t s  
o u t l i n e d  i n  t h i s  s e c t i o n .  

B .  The U t i l i z a t i o n  o f  Man 

Appendix A of t h i s  r e p o r t ,  which deals  w i t h  t h e  gross 
aspec ts  o f  t h e  f l y b y  mis s ion  p r o f i l e ,  b r i n g s  t o  l i g h t  a number of 
areas i n  which t h e  p r e s e n c e  o f  man, w i t h  h i s  o b s e r v a t i o n a l  and 
d e c i s i o n  making powers ,  does  i n  f a c t  c o n t r i b u t e  q u i t e  measurably 
t o  t h e  accomplishment o f  t h e  experiment  program o b j e c t i v e s .  The 
purpose  of t h i s  s e c t i o n  i s  t o  i d e n t i f y  a number o f  s p e c i f i c  a c t i v -  
i t i e s ,  as t h e y  o c c u r  c h r o n o l o g i c a l l y  d u r i n g  t h e  m i s s i o n ,  and t o  
p o i n t  o u t  f o r  each  a c t i v i t y  j u s t  what t h e  r o l e  o f  t h e  a s t r o n a u t s  
i s  and how t h i s  w i l l  improve t h e  exper iment  program. It i s  n o t  t h e  
i n t e n t  here  t o  d e a l  w i t h  t h e  more d e t a i l e d  q u e s t i o n  o f  t h e  r e l a t i v e  
a d v a n t a g e s  and d i s a d v a n t a g e s  o f  manned vs  unmanned e x p l o r a t i o n  o f  
Mars. 

1. One o f  t h e  f u n c t i o n s  of t h e  a s t r o n a u t s ,  which c o n t i n u e s  
th roughou t  t h e  e n t i r e  approach phase,  i s  probe  t a r g e t i n g .  
Most of t h i s  e f f o r t  i s  d i r e c t e d  towards  t h e  MSSR p robe ,  as 
t h i s  probe  h a s  t h e  most e x t e n s i v e  i n t e r a c t i o n  w i t h  t h e  Mars 
environment  and t h e  most impor t an t  s c i e n t i f i c  o b j e c t i v e ,  
namely,  sample r e t u r n .  

b e f o r e  t h e  m i s s i o n  b e g i n s ,  most l i k e l y  based on data g a t h e r e d  
by o b s e r v i n g  Mars w i t h  a 4 0 "  t e l e s c o p e ,  s i m i l a r  t o  t h e  one 
proposed  here f o r  t h e  f lyby  m i s s i o n ,  d u r i n g  a manned E a r t h  

Some degree  o f  t a r g e t i n g  would c e r t a i n l y  have  been  done 
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o r b i t a l  f l i g h t .  Indeed ,  i t  i s  assumed t h a t  p r i o r  t o  manned 
p l a n e t a r y  m i s s i o n s  a ser ies  o f  l ong  d u r a t i o n  E a r t h  o r b i t a l  
m i s s i o n s  w i l l  t e s t  s p a c e c r a f t  and subsystem r e l i a b i l i t y  and 
r e p a i r a b i l i t y  concep t s  and e v a l u a t e  man's c a p a b i l i t i e s  t o  
o p e r a t e  e f f e c t i v e l  3. 7 i n  space on p l a n e t a r y  m i s s i o n s .  I n  p a r t i -  
c u l a r ,  h i s  a b i l i t y  t o  o p e r a t e  a l a r g e  o p t i c a l  t e l e s c o p e  w i l l  
be unders tood  b e f o r e  t h e  f l y b y  m i s s i o n .  

I n  a d d i t i o n  -GO t h e  t e l e s c o p i c  photography from E a r t h  
o r b i t  f o r  advanced t a r g e t i n g ,  t h e r e  w i l l  no doubt  be some 
improvement i n  o u r  knowledge o f  smaller s c a l e  f e a t u r e s  on 
t h e  Mars s u r f a c e  as t h e  schedu le  of  Mar iner  and Voyager 
f l i g h t s  f o r  t h e  l a t e  '60% and e a r l y  ' 7 0 ' s  i s  r e a l i z e d .  
While s u p p l y i n g  v a l u a b l e  d a t a  a t  h i g h e r  r e s o l u t i o n  t h a n  can  
be  o b t a i n e d  from E a r t h  o r b i t ,  such  m i s s i o n s  a r e  u s u a l l y  
l i m i t e d  t o  c o v e r i n g  a small f r a c t i o n  o f  t h e  p l a n e t  s u r f a c e .  
A l so  t h e i r  imagery i s  g e n e r a l l y  conf ined  t o  t h e  v i s i b l e  
r a n g e ,  whereas v a l u a b l e  p o r t i o n s  o f  t h e  n e a r  I R  and UV 
spec t rum may be observed  w i t h  t h e  l a r g e  t e l e s c o p e  d u r i n g  
t h e  approach  phase o f  manned f l y b y .  

A t  t h i s  p o i n t  i n  t i m e  i t  seems r e a s o n a b l e  t o  assume 
t h a t  t h e  s i t u a t i o n  i n  t h e  mid ' 7 0 ' s  w i l l  be  such  t h a t  w e  
s h o u l d  have g l o b a l  imagery of  Mars from E a r t h  o r b i t ,  i m -  
p roved  h i g h  r e s o l u t i o n  photos  (compared t o  Mar iner  I V )  ove r  
a small p e r c e n t a g e  o f  t h e  s u r f a c e ,  and p o s s i b l y  Mar iner  I V  
q u a l i t y  p h o t o s  ove r  a l a r g e r  f r a c t i o n  o f  t h e  s u r f a c e  t h a n  
i s  c u r r e n t l y  a v a i l a b l e .  I n  o t h e r  words,  w i t h o u t  a cons id -  
e r a b l y  more a m b i t i o u s  p r e c u r s o r  program t h a n  i s  c u r r e n t l y  
e n v i s i o n e d ,  i t  i s  n e c e s s a r y  t h a t  t a r g e t i n g  be c a r r i e d  o u t  
d u r i n g  t h e  approach  phase .  

A s  improved data i s  acqu i r ed  d u r i n g  the  approach  phase  
of t h e  m i s s i o n  p r e v i o u s  concep t s  and s t r a t e g i e s  f o r  t a r g e t -  
i n g  may be r e v i s e d .  Two independent  f a c t o r s  must be weighed 
i n  t h i s  p r o c e s s .  One i s  s u r f a c e  topography which d i r e c t l y  
a f f e c t s . t h e  a b i l i t y  o f  t h e  s p a c e c r a f t  t o  l a n d .  The second 
f a c t o r  i s  t h e  s c i e n t i f i c  mer i t  o f  t h e  s i t e .  Here w e  c o n f i n e  
o u r  a t t e n t i o n  t o  t h e  MSSR, and c o n s e q u e n t l y  t h e  o v e r r i d i n g  
f a c t o r  w i l l  be t h e  p r o s p e c t s  f o r  f i n d i n g  l i f e  a t  t h e  pro-  
posed  s i t e .  Assuming w e  a r e  unab le  t o  d e t e c t  l i f e  
r emote ly  from these  d i s t a n c e s ,  s c i e n t i f i c  m e r i t  w i l l  be 
judged  on t h e  basis o f  observed p h y s i c a l  p r o p e r t i e s  which 
a re  though t  t o  be most conducive t o  a n  a c t i v e  b i o l o g i c a l  
community. P o s s i b l e  pa rame te r s  f o r  c o n s i d e r a t i o n  are  s u r -  
f a c e  t e m p e r a t u r e ,  a l t i t u d e ,  i n f e r r e d  compos i t ion ,  o r  a l b e d o .  
F o r  example,  a p o s s i b l e  i n i t i a l  t a r g e t i n g  s t r a t e g y  might be  
t o  land i n  t h e  d a r k  areas because t h e y  a re  b o t h  warmer and 
a t  lower  a l t i t u d e s  t h a n  t h e  l i g h t  areas.  For  t h e  sake o f  
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argument we w i l l  assume t h a t  b o t h  t h e s e  q u a l i t i e s  lead t o  
more f a v o r a b l e  b i o l o g i c  envi ronments .  A s  improved observa-  
t i o n s  are made d u r i n g  t h e  approach phase ,  two t y p e s  of  ana ly -  
s i s  w i l l  t ake  p l a c e .  One i s  f a i r l y  mechanica l  and w i l l  
lead t o  improved Mars c o o r d i n a t e s  ( l a t i t u d e  and l o n g i t u d e )  
f o r  t h e  smoothest  da rk  a r e a  i n  t h e  a c c e s s i b l e  l a n d i n g  zone.  
A second more s u b j e c t i v e  t y p e  of a n a l y s i s  may lead t o  t h e  
c o n c l u s i o n ,  a g a i n  f o r  example, t h a t  d a r k  areas a re  n o t  t h e  
lowlands ,  b u t  ra ther  t h e  mountains .  I n  t h i s  c a s e ,  t h e  funda- 
men ta l  models o f  what c h a r a c t e r i z e d  a b i o l o g i c a l l y  f a v o r a b l e  
area would have t o  be r e v i s e d .  It would no doubt take con- 
s i d e r a b l e  t r a i n i n g  on t h e  p a r t  of t h e  s c i e n t i s t - a s t r o n a u t  t o  
r e c o g n i z e  t h i s  l a t t e r  problem, bu t  once i t  was d i s c o v e r e d  a 
new t a r g e t i n g  s t r a t e g y  could  be worked o u t  i n  c o n j u n c t i o n  
w i t h  e x p e r t s  on Ea r th  by t r a n s m i t t i n g  s e l e c t e d  pho tos  and 
s u p p o r t i n g  data. 

A d m i t t e d l y  t h e  degree  t o  which t h i s  t a r g e t i n g  e x e r c i s e  
i s  employed depends on t h e  amount o f  i n f o r m a t i o n ,  l a r g e l y  
photography,  s u p p l i e d  e a r l i e r  by unmanned m i s s i o n s  t o  Mars. 
I n  t h i s  c o n t e x t  i t  shou ld  b e  u n d e r s t o o d ,  however, t h a t  neces-  
s a r y  data i n c l u d e s  n o t  on ly  h i g h  r e s o l u t i o n  photography 
f o r  t o p o g r a p h i c  e v a l u a t i o n  o f  t h e  a c c e s s i b l e  l a n d i n g  zones ,  
b u t  a l s o  g l o b a l  data  a t  a v a r i e t y  of  r e s o l u t i o n s  d u r i n g  
s e v e r a l  d i f f e r e n t  s e a s o n a l  p e r i o d s  t o  s e l e c t  t h e  most f a v o r -  
a b l e  b i o l o g i c  l o c a l i t i e s .  I n  any e v e n t ,  i t  seems t h a t  w i t h  
t h e  immense data g a t h e r i n g  c a p a b i l i t y  s u p p l i e d  by t h e  40" 
o p t i c a l  t e l e s c o p e  d u r i n g  t h e  approach  phase of  t h e  f l y b y  
m i s s i o n ,  v i t a l  use  can be made of  t h e  a s t r o n a u t s '  t i m e  b o t h  
i n  t h e  mechanica l  r e p o s i t i o n i n g  o f  t h e  t a rge t  area and i n  
t h e  r e e v a l u a t i o n  o f  j u s t  wha t  c o n s t i t u t e s  a b i o l o g i c a l l y  
f a v o r a b l e  area.  

2 .  A second a s t r o n a u t  a c t i v i t y  which w i l l  be c a r r i e d  o u t  
a t  i n t e r v a l s  t h roughou t  t h e  approach  phase w i l l  be probe  
checkou t .  The most p r o h i b i t i v e  assumpt ion  here  i s  t h a t  t h e  
p r o b e s  w i l l  be  i n  s e a l e d  s t e r i l i z a t i o n  c a n i s t e r s  which 
cannot  be  opened u n t i l  t h e  p robes  are re leased from t h e  
manned s p a c e c r a f t .  Even i n  t h i s  s i t u a t i o n  checkout  v i a  a 
h a r d  w i r e  l i n k  would a l low a c c u r a t e  d i a g n o s i s  of  t h e  f a i l u r e .  
If an  a l t e r n a t e  p a t h  design approach  were used ,  such  a d i a g n o s i s  
would p e r m i t  t h e  crew t o  swi t ch  v e h i c l e  f u n c t i o n s  t o  a l t e r n a t e  
modes and s t i l l  per form a nominal m i s s i o n .  A l t e r n a t i v e l y  t h e  
f a i l u r e  cou ld  b e  a t  l e a s t  p a r t i a l l y  compensated by t h e  u s e  o f  
a back-up m i s s i o n  p l a n .  Looking a t  a n  extreme c a s e ,  i f  t h e  
p robe  were found t o  be t o t a l l y  i n c a p a c i t a t e d  p r i o r  t o  i t s  
l a u n c h ,  v a l u a b l e  t i m e  du r ing  t h e  l a t e  approach  and e a r l y  
e n c o u n t e r  phases would n o t  be wasted i n  u s e l e s s  e f f o r t s .  

The a c t u a l  s i t u a t i o n  may w e l l  b e  b e t t e r  t h a n  e n v i s i o n e d  
above i f  c u r r e n t  e f f o r t s  t o  deve lop  a b i o l o g i c a l  i s o l a t i o n  
s u i t  are s u c c e s s f u l .  This device would p e r m i t  d i r e c t  a c c e s s  
t o  the p robes  by a n  a s t r o n a u t  w i t h o u t  v i o l a t i n g  p l a n e t a r y  
q u a r a n t i n e  r e q u i r e m e n t s .  
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3. Approximately 12-18  hours  b e f o r e  t h e  manned s p a c e c r a f t  
e n c o u n t e r s  t h e  p l a n e t  a f i r s t  midcourse  c o r r e c t i o n  i s  made 
t o  t h e  MSSR probe  t r a j e c t o r y .  Knowledge of t h e  probe  t ra -  
j e c t o r y  i s  g a i n e d  by some combinat ion o f  o p t i c a l  and radar 
t r a c k i n g  of t h e  p robe  and Mars f r o m  t h e  M . M .  

4 .  Approximately t e n  hours  b e f o r e  p e r i a p s i s  c u r r e n t  d a t a  on 
t h e  a tmosphe r i c  d e n s i t y  p r o f i l e  (and  p o s s i b l y  o t h e r  p a r a -  
m e t e r s )  w i l l  b e  r e c e i v e d  f r o m  t h e  d r a g  p r o b e s .  A s  t h e  MSSR 
t r a v e r s e s  t h e  a tmosphere  b a l l i s t i c a l l y ,  i t s  p a t h ,  and hence 
t h e  l a n d i n g  p o i n t ,  w i l l  b e  de te rmined  by i t s  e n t r y  c o n d i t i o n s  
and  t h e  a tmosphe r i c  p r o p e r t i e s .  The d rag  probe  d a t a  w i l l  be 
used  to u p d a t e . t h e  a tmospher ic  model,  and from t h i s  t h e  
c o r r e c t e d  e n t r y  p o i n t  and angle  w i l l  b e  de t e rmined  f o r  t h e  
s e l e c t e d  s u r f a c e  s i t e .  S i x  hours  b e f o r e  p e r i a p s e  pas sage  a 
second  c o r r e c t i o n  t o  t h e  MSSR probe  t r a j e c t o r y  w i l l  be 
i n i t i a t e d  based  on t h e  d r a g  probe  d a t a .  

5. A f t e r  t h e  MSSR probe  has l anded  on t h e  Mars s u r f a c e ,  t h e  
a s t r o n a u t s  w i l l  t a k e  c o n t r o l  o f  t h e  sample c o l l e c t i o n  opera-  
t i o n .  Based on a panoramic s c a n  of t h e  immediate  l o c a l i t y  
t a k e n  by t h e  f a c s i m i l e  camera and t r a n s m i t t e d  t o  t h e  M . M . ,  t h e  
a s t r o n a u t s  can s e l e c t  t h e  m o s t  p romis ing  a r e a s  f o r  sample c o l -  
l e c t i o n .  For example,  i t  may be d e s i r a b l e  t o  c o l l e c t  l o o s e  
g r a n u l a r  material  from t h e  s u r f a c e  and s u b s u r f a c e  t o  a dep th  
o f ,  s a y ,  one meter, and a lso a small s t o n e ,  i f  t h e r e  i s  one 
a c c e s s i b l e .  D i f f e r e n t  mechanica l  d e v i c e s  w i l l  be employed 
f o r  each  t y p e  of  sampl ing ,  and t h e i r  a c t i o n s  must  be gu ided  by 
t h e  a s t r o n a u t s .  A Su rveyor - type  TV sys t em could  b e  used  t o  
p r o v i d e  a s e q u e n t i a l  view of a n  expe r imen t  o p e r a t i o n ,  such  as 
a s m a l l  s h o v e l  d i g g i n g  a ho le  i n  g r a n u l a r  m a t e r i a l .  A l o g i c a l  
consequence o f  s e l e c t i n g  a more p romis ing  a r e a  f o r  sample 
c o l l e c t i o n  i s  t h e  avo idance  of t o p o g r a p h i c  f e a t u r e s  which cou ld  
d i s r u p t  t h e  c o l l e c t i o n  mechanism. 

6 .  The command f o r  MSSR a s c e n t  s t a g e  i g n i t i o n  i s  g i v e n  by 
t h e  a s t r o n a u t s  based  upon a d e t e r m i n a t i o n  of t h e  r e l a t i v e  p o s i -  
t i o n s  and v e l o c i t i e s  of t he  two s p a c e c r a f t .  T h i s  de t e rmina -  
t i o n  i s  made by a n a l y z i n g  t r a c k i n g  data t a k e n  on boa rd  t h e  M . M .  
The f i r s t  two s t a g e s  of  a s c e n t  have programmed gu idance ,  b u t  
t h e  t h i r d  s t a g e ,  which must rendezvous  w i t h  t h e  f l y b y  v e h i c l e ,  
i s  c o n t r o l l e d  from t h e  M.M.  by a command gu idance  scheme. 
The t e r m i n a l  s t a g e  of rendezvous  w i l l  r e l y  on a s t r o n a u t  
v i s i o n .  Only b y  keep ing  t h e  m a j o r i t y  of  t h e  r e s p o n s i b i l i t y  
f o r  rendezvous  a t  t h e  f l y b y  v e h i c l e  can t h e  t h i r d  s t a g e  weight  
b e  k e p t  w i t h i n  a modest l e v e l .  T h i s  d i v i s i o n  o f  f u n c t i o n  
i s  u t i l i z e d  s i n c e  each  pound of weight  of u s a b l e  pay load  i n  
t h e  t h i r d  s t a g e  c o s t s  about  300 pounds a t  probe  s e p a r a t i o n  
from t h e  f l y b y  s p a c e c r a f t .  
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7 .  Perhaps  t h e  most s i g n i f i c a n t  u s e  of t h e  a s t r o n a u t s  w i l l  
b e  t h e  b i o a n a l y s i s  of t h e  r e t u r n e d  sample on board  t h e  M . M .  
Wi th in  a matter of hours  a f t e r  t h e  s u r f a c e  samples are  
c o l l e c t e d  and packed i n  sealed c o n t a i n e r s ,  t h e y  w i l l  b e  
d e l i v e r e d  t o  a b i o l o g i c a l  l a b o r a t o r y  where examinat ion  by  
a t r a i n e d  s c i e n t i s t  w i l l  t ake  p l a c e .  For con tamina t ion  
r e a s o n s  t h e  sample w i l l  b e  con ta ined  behind  a b i o l o g i c a l  
b a r r i e r .  

The emphasis here i s  on e a r l y  b i o a n a l y s i s .  The f a c t  
t h a t  t h e  r e t u r n  t r i p  t o  E a r t h  exceeds  500 days  l e a v e s  l i t t l e  
g u a r a n t e e  t h a t  any l i f e  forms which may e x i s t  i n  t h e  sample 
when i t  i s  c o l l e c t e d  w i l l  s u r v i v e  t h e  j o u r n e y  t o  a n  ear th-  
based l a b o r a t o r y  wi thou t  e i t he r  p e r i s h i n g  or a t  l ea s t  muta- 
t i n g .  N a t u r a l l y  s t e p s  w i l l  b e  t a k e n  t o  p r e s e r v e  t h e  sample 
d u r i n g  t h e  r e t u r n  t r i p  so  t h a t  i t s  e v e n t u a l  examina t ion  i n  
earth-based l a b o r a t o r i e s  can b r i n g  t o  bear t h e  f u l l  weight  
o f  t h e  b i o l o g i c  community i n  s o l v i n g  what i s  a t  bes t  a 
d i f f i c u l t  problem. It does seem p r u d e n t ,  however, t o  u se  a 
small p o r t i o n  o f  t h e  sample (and  here  w e  have a r b i t r a r i l y  
assumed e i g h t  ounces )  f o r  c a r e f u l  on board  a n a l y s i s  as soon 
as i s  p r a c t i c a l .  To s a y  t h e  l e a s t ,  c o n t i n u e d  a n a l y s i s  d u r i n g  
t h e  long  r e t u r n  t r i p  may be c o n s i d e r e d  a b s o l u t e l y  n e c e s s a r y  
b e f o r e  r e t u r n i n g  t o  t h e  E a r t h ' s  environment  a n y t h i n g  which 
has been i n  c o n t a c t  w i t h  t h e  Mars s u r f a c e  or a tmosphere .  
These a c t i v i t i e s  have been o u t l i n e d  i n  t h e  S e c t i o n  I V  d i s c u s -  
s i o n  o f  t h e  sample r e t u r n  exper iment ,  namely,  d e t e c t i o n  and 
c h a r a c t e r i z a t i o n  o f  l i f e ,  specimen c o n s e r v a t i o n  and contami- 
n a t i o n  c o n t r o l .  

Whether i n  f a c t  man can o p e r a t e  as a t r a i n e d  b i o l o g i s t  
i n  a f u n c t i o n a l  l a b o r a t o r y  i n  a space  v e h i c l e  i s  a s u b j e c t  
which w i l l  b e  d e a l t  w i t h  i n  t h e  Ea r th  o r b i t a l  phase o f  p o s t -  
Apol lo  f l i g h t s .  T h i s  i s  e s s e n t i a l l y  t h e  same s t a t e m e n t  made 
r e g a r d i n g  manned o p e r a t i o n  o f  t h e  la rge  o p t i c a l  t e l e s c o p e  
d u r i n g  t h e  f l y b y  mis s ion .  It does seem, however, t h a t  
regardless of what measures  need be  t a k e n  ( w i t h i n  r e a s o n )  man's 
v e r s a t i l i t y  e i t h e r  i n  t h e  l a b o r a t o r y  o r  a t  t h e  t e l e s c o p e  
would demand t h a t  he be  used wherever  and whenever p o s s i b l e .  
Perhaps  t h i s  p o i n t  i s  m o s t  s t r o n g  i n  t h e  c a s e  f o r  t h e  b i o l o -  
g i c  l a b o r a t o r y ,  e s p e c i a l l y  a s  w e  c o n s i d e r  t h e  exceed ing  
d i f f i c u l t y  i n  a t t e m p t i n g  t o  d e f i n e  a small and e x p l i c i t  s e t  
o f  measurements which could  b e  made t o  demons t r a t e  t h e  e x i s -  
t e n c e  o r  n o n e x i s t e n c e  of l i f e .  

The above l i s t  o f  a c t i v i t i e s  i s  n o t  meant t o  be i n c l u -  
s i v e ;  i t  i s  meant t o  show t h a t  w i t h i n  t h e  framework o f  t h e  Mars 
f l y b y  m i s s i o n  p l a n ,  man c o n t r i b u t e s  measurably  i n  a number of  
d i f f e r e n t  areas towards  t h e  accomplishment of  t h e  exper iment  
program. Obvious ly  b e f o r e  w e  can e v a l u a t e  t h i s  m i s s i o n  as a n  
e f f e c t i v e  u s e  of ou r  r e s o u r c e s  and t ime,  a d e q u a t e  d e s c r i p t i o n s  o f  
compet ing c a n d i d a t e  m i s s i o n s ,  bo th  manned and unmanned, must a l s o  
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be a n a l y z e d .  What can be s a i d  a t  t h i s  t i m e ,  however, i s  t h a t  
manned p l a n e t a r y  f l y b y  i s  a t  l e a s t  a c o m p e t i t i v e  mode of  
e x p l o r a t i o n  of Mars based upon b o t h  t h e  q u a n t i t y  and q u a l i t y  
o f  s c i e n t i f i c  and t e c h n o l o g i c a l  da ta  which c o u l d  be r e t u r n e d .  
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PREFACE TO THE APPENDICES 

The probe  concepts  p r e s e n t e d  i n  Appendices B-E 
r e p r e s e n t  p o i n t  d e s i g n s  t o  a l low an i n i t i a l  s i z i n g  of t h e  
Mars f l y b y  mis s ion  exper iment  system. Miss ion  p r o f i l e s  f o r  
t h e  p robes  are  a l s o  p r e l i m i n a r y .  The i n t e n t  h e r e  i s  t o  exam- 
i n e  t h e  q u e s t i o n s  of f e a s i b i l i t y ,  n o t  t o  p r e s e n t  an  op t imized  
sys tem.  Using what a r e  judged  t o  b e  feas ib le  p r o b e  sys tems,  
a p re ' l imina ry  exper iment  program has been c o n s t r u c t e d  t o  pro-  
v i d e  some measure of t h e  i n f o r m a t i o n  r e t u r n  from t h i s  m i s s i o n .  

Any comprehensive mis s ion  s y s t e m  d e s i g n  r e p r e s e n t s  
an  e v o l u t i o n a r y  thought  p r o c e s s  i n v o l v i n g  numbers of i n d i v i d -  
u a l s  and o r g a n i z a t i o n s .  O t h e r  members of Bellcomm, t o g e t h e r  
w i t h  members o f  NASA, t h e  aerospace  i n d u s t r y  and t h e  s c i e n t i -  
f i c  community, have d i r e c t l y  c o n t r i b u t e d  t o  t h e  concept  ou t -  
l i n e d  h e r e .  The a u t h o r s  wish t o  acknowledge t h a t ,  f o r  t h e  
s a k e  of comple t eness ,  t h e y  have u t i l i z e d  much of t h i s  e f f o r t  
i n  t h e  p r e p a r a t i o n  of t h i s  r e p o r t .  
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APPENDIX A 

THE FLYBY M I S S I O N  PROFILE: GROSS ASPECTS 

The m i s s i o n  d e s c r i p t i o n  f o r  t h e  pu rposes  o f  t h e  ex- 
p e r i m e n t s  program b e g i n s  when t h e  manned s p a c e c r a f t  i s  on i t s  
c o a s t  t r a j e c t o r y  towards  Mars and t e r m i n a t e s  b e f o r e  a r r i v a l  
back a t  E a r t h .  The r e f e r e n c e  mis s ion  used  he re  i s  based  on 
a f r e e  r e t u r n  f l i g h t  l e a v i n g  E a r t h  i n  September o f  1975, t a k i n g  
about  130 days  t o  r e a c h  Mars and a n o t h e r  537 days  t o  r e t u r n  t o  
E a r t h .  The o r b i t a l  p a t h  takes  t h e  s p a c e c r a f t  o u t  p a s t  t h e  Mars 
s o l a r  o r b i t  t o  a maximum d i s t a n c e  o f  2 . 2  A . U .  from t h e  sun .  
Approximately halfway th rough  t h e  mis s ion  t h e  s p a c e c r a f t  and 
E a r t h  are  on o p p o s i t e  s ides  o f  t h e  sun .  

The f l y b y  geometry at Mars i s  such  t h a t  t h e  space-  
c r a f t  approach asymptote  i s  about l o o  o f f  t h e  sun  l i n e .  The 
p e r i a p s i s  a l t i t u d e  i s  about  300 km a t  a p o i n t  l3O beyond t h e  
t e r m i n a t o r  on t h e  d a r k  s i d e  of  t h e  p l a n e t .  P e r i a p s i s  v e l o c i t y  
i s  approx ima te ly  31,000 f p s  (V, 2 2 8 , 0 0 0  f p s ) ,  or about  t w i c e  
Mars e s c a p e  v e l o c i t y .  Due t o  t h e  h igh  f l y b y  v e l o c i t y ,  ve ry  
l i t t l e  a n g u l a r  change i s  produced i n  t h e  s p a c e c r a f t ' s  f l y b y  
p a t h .  T h i s  means t h a t  t h e  approach hemisphere i s  almost  f u l l y  
i l l u m i n a t e d ,  t h e  p e r i a p s i s  view o f  t h e  p l a n e t  i s  b iased  towards  
t h e  d a r k  s i d e ,  and t h e  hemisphere f a c i n g  t h e  d e p a r t u r e  p a t h  i s  
a lmos t  comple t e ly  i n  shadow. Flyby o c c u r s  on t h e  s i d e  o f  t h e  
p l a n e t  which i s  r o t a t i n g  towards t h e  approach ing  manned space-  
c r a f t .  

It i s  convenient  t o  d i v i d e  t h e  e n t i r e  expe r imen t s  
m i s s i o n  i n t o  t h r e e  p h a s e s :  approach ,  e n c o u n t e r ,  and d e p a r t u r e .  
The e n c o u n t e r  phase i s  def ined as approx ima te ly  21/2 day cen- 
t e r e d  around t h e  p e r i a p s i s  t ime. The f o l l o w i n g  p a r t s  o f  t h i s  
appendix  w i l l  dea l  c h r o n o l o g i c a l l y  w i t h  t h e  major  e v e n t s  o f  t h e  
exper iment  m i s s i o n  as t h e y  occur  d u r i n g  these t h r e e  p h a s e s .  

A .  Approach Phase 

The pr imary  experiment  program f u n c t i o n s  d u r i n g  t h e  
approach  phase are en r o u t e  expe r imen t s ,  p robe  t a r g e t i n g ,  and 
probe  l aunch .  En r o u t e  exper iments  w i l l  b e g i n  e a r l y  i n  t h i s  
phase  and w i l l  i n c l u d e  t e l e s c o p i c  o b s e r v a t i o n s  o f  Mars and i t s  
moons, o b s e r v a t i o n s  o f  t h e  sun ,  and g e n e r a l  as t ronomy.  The 
t e l e s c o p e  r e fe r r ed  t o  here  i s  a one meter diameter ,  s i x  meter 
f o c a l  l e n g t h  a s t r o n o m i c a l  q u a l i t y  o p t i c a l  t e l e s c o p e .  Opera t ing  
c l o s e  t o  i t s  d i f f r a c t i o n  l i m i t ,  t h i s  i n s t r u m e n t  w i l l  have a 
r e s o l u t i o n  of about  1 0  r a d i a n s .  -6 
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Obse rva t ions  o f  Mars w i t h  t h i s  t e l e s c o p e  w i l l  a l s o  
p r o v i d e  t h e  i n f o r m a t i o n  f o r  t h e  on board  t a r g e t i n g  o f  t h e  
p r o b e s  p r i o r  t o  t h e i r  deployment. R e s o l u t i o n  o f  t h e  Mars 
s u r f a c e  a t  t h e  b e g i n n i n g  o f  t h e  approach phase  w i l l  be  about  
e q u a l  t o  t h e  bes t  r e s o l u t i o n  ( %  80 k m )  o f  t h e  p l a n e t  e v e r  
a c h i e v e d  w i t h  ea r th -based  t e l e s c o p e s .  P r o g r e s s i v e l y  b e t t e r  
q u a l i t y  o b s e r v a t i o n s  o f  t h e  p l a n e t  w i l l  b e  made as t h e  approach  
phase  p r o g r e s s e s .  

The MSSR probe  has t h e  most complex m i s s i o n ,  and,  with 
i t s  i ' n t e r a c t i o n  w i t h  t h e  Mars s u r f a c e ,  c o n s t i t u t e s  t h e  most 
demanding t a r g e t i n g  problem. Targe t  s e l e c t i o n  w i l l  be made on 
t h e  bas i s  o f  s c i e n t i f i c  i n t e r e s t  and probe s p a c e c r a f t  p e r f o r -  
mance. With  t h e  h i g h  s c i e n t i f i c  p r i o r i t y  on t h e  q u e s t i o n  o f  
Mar t i an  b i o l o g y ,  t h e  sample shou ld  b e  c o l l e c t e d  from a b io -  
l o g i c a l l y  f a v o r a b l e  area.  Choice o f  a n  i n t e r e s t i n g  area f o r  
t h e  expe r imen t s  which make up t h e  remote mon i to r ing  s t a t i o n  may 
a l s o  i n f l u e n c e  t h e  s e l e c t i o n  of a s i t e .  

T a r g e t i n g  must a l s o  c o n s i d e r  s e v e r a l  f a c t o r s  r e l a t e d  
t o  v e h i c l e  performance.  F i r s t ,  a sha l low a tmospher i c  e n t r y  
a n g l e  must be s e l e c t e d  t o  ach ieve  t h e  n e c e s s a r y  aerodynamic 
b r a k i n g .  Secondly,  t h e  g e n e r a l  r e g i o n  o f  l a n d i n g  must be such  
t h a t  sample  c o l l e c t i o n  can proceed i n  s u n l i g h t  w i t h  l i n e  o f  
s i g h t  communications t o  t h e  M . M . *  It shou ld  a l s o  p l a c e  t h e  
l a n d e d  v e h i c l e  i n  t h e  f l y b y  p l a n e  a t  t h e  t i n e  of  a s c e n t  s t a g e  
l i f t o f f .  And f i n a l l y ,  w i t h i n  t h i s  g e n e r a l  r e g i o n ,  performance 
o f  t h e  d e s c e n t  s t a g e  l a n d i n g  s y s t e m  may b i a s  t h e  s i t e  s e l e c t i o n  
toward  t h e  smoother  t opograph ic  areas.  

Ground r e s o l u t i o n  a t  t h e  t i m e  o f  MSSR probe  l aunch  
i s  approx ima te ly  6 km, which i s  a n  o r d e r  o f  magni tude b e t t e r  
t h a n  t h e  b e s t  r e s o l u t i o n  w i t h  t h e  same t e l e s c o p e  i n  E a r t h  
o r b i t .  Subsequent  t o  l aunch  from t h e  M . M .  t h e  probe  i s  t r a c k e d  
on i t s  way t o  Mars w i t h  a combinat ion o f  o p t i c a l  and radar 
t e c h n i q u e s .  Based on t h i s  d a t a  a f i r s t  midcourse c o r r e c t i o n  i s  
made some 12-18 h o u r s  b e f o r e  p l a n e t a r y  e n c o u n t e r .  A t  t h i s  t i m e  
ground r e s o l u t i o n  w i t h  t h e  one meter t e l e s c o p e  i s  300-450 m e t e r s .  
Fo r  t h e  1 9 7 5  f l y b y  m i s s i o n  t h i s  i s  t h e  l a s t  t i m e  t h e  MSSR l a n d i n g  

*Each probe  c a r r i e s  i t s  own exper iment  package,  power s u p p l y ,  
da ta  h a n d l i n g  sys t em and communications sys tem.  The nominal 
q u a l i t y  o f  t h e  S-band r e c e i v i n g  s y s t e m  on board  t h e  Miss ion  
Module i s  such  t h a t  t h e  break-even p o i n t  f o r  probe  t r a n s m i s s i o n  
d i r e c t  t o  t h e  M . M .  v s  d i r e c t  t o  E a r t h  o c c u r s  about  one week 
a f t e r  e n c o u n t e r .  T h i s  assumes a n  ear th-based S-band network 
o f  Golds tone  Mars s t a t i o n  q u a l i t y  ( 2 1 0  f o o t  diameter  d i s h ) .  
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zone i s  v i s i b l e  from t h e  M . M .  T h i s  would s u g g e s t  t h e  need 
f o r  e i t h e r  p r i o r  unmanned photo r e c o n n a i s s a n c e  of  t h e  l a n d i n g  
zone a t  h i g h e r  r e s o l u t i o n  t o  supplement t h e  approach photog- 
Taphy,  or t h e  c o n s i d e r a t i o n  of  a l t e r n a t e  m i s s i e n  modes f o r  t h e  
MSSR f o r  which h i g h e r  r e s o l u t i o n  t a r g e t i n g  cou ld  b e  done. 

Much g r e a t e r  f l e x i b i l i t y  e x i s t s  i n  t h e  s e l e c t i o n  o f  
a s i t e  f o r  t h e  l a n d e r  probe  s i n c e  it does  n o t  s u f f e r  t h e  con- 
s t r a i n t s  imposed by rendezvous w i t h  t h e  f l y b y  v e h i c l e .  Target 
s e l e c t i o n  w i l l  b e  based on s c i e n t i f i c  i n t e r e s t  i n  t h e  a reo -  
g r a p h i c  placement  o f  t h i s  second mon i to r ing  s t a t i o n  coupled  
w i t h  a c o n s i d e r a t i o n  o f  t h e  v e h i c l e  l a n d i n g  performance and 
l o c a l  topography.  T a r g e t i n g  f o r  t h i s  probe  c o n t i n u e s  i n t o  t h e  
e n c o u n t e r  phase and w i l l  be  cons ide red  f u r t h e r  i n  t h e  f o l l o w i n g  
s e c t i o n .  

Guidance f o r  t h e  o r b i t e r  probe  i s  compara t ive ly  e a s y  
as t h i s  probe  does  n o t  i n t e r a c t  a p p r e c i a b l y  w i t h  e i t h e r  t h e  
p l a n e t  a tmosphere or s u r f a c e .  The o n l y  t a r g e t i n g  t o  b e  done 
i s  what i s  r e q u i r e d  t o  deboost  t h e  probe  i n t o  approx ima te ly  a 
300 km a l t i t u d e  c i r c u l a r  p o l a r  o r b i t .  

Guidance f o r  t h e  drag  p robes  i s  a l s o  a r e l a t i v e l y  
e a s y  t a s k ,  namely,  t o  a i m  f o r  t h e  approximate  c e n t e r  o f  t h e  
v i s i b l e  d i s k .  The pr imary  f u n c t i o n  of  t hese  p robes  i s  t o  g e t  
improved data  on t h e  atmospheric  d e n s i t y  p r o f i l e  back t o  t h e  
M.P. i n  t i m e  t o  a f f e c t  t h e  t a r g e t i n g  of  t h e  MSSR and l a n d e r  
p r o b e s ,  b o t h  o f  which d e c e l e r a t e  ae rodynamica l ly  and a r e  t he re -  
f o r e  s e n s i t i v e  t o  a tmospher ic  d rag  f o r c e s .  

The p l a n  d e s c r i b e d  i n  t h i s  r e p o r t  has t h e  d r a g  p robes  
e n t e r i n g  t h e  atmosphere around t h e  s u b - s o l a r  p o i n t ,  and t h e  
MSSR e n t e r i n g  n e a r  t h e  t e r m i n a t o r .  It i s  assumed here t h a t  
p r i o r  da ta ,  such  as r e p e a t e d  o c c u l t a t i o n  measurements from an  
unmanned o r b i t i n g  v e h i c l e ,  would have de termined  t h e  a tmosphe r i c  
d e n s i t y  s t r u c t u r e  t o  t h e  e x t e n t  t h a t  t h e  r e l a t i o n s h i p  between 
s u b - s o l a r  and t e r m i n a t o r  d e n s i t y  p r o f i l e s  i s  unde r s tood .  Drag 
probe  data  can t h e n  p r o v i d e  a c u r r e n t  p i c t u r e  o f  s u b - s o l a r  e n t r y  
c o n d i t i o n s  from which t e r m i n a t o r  e n t r y  c o n d i t i o n s  can b e  reex-  
amined. 

The d r a g  probe concept e n v i s i o n e d  i n  Appendix B does  
n o t  make v a l i d  measurements f o r  e n t r y  a n g l e s  much l e s s  t h a n  90"; 
i n  p a r t i c u l a r ,  i t  would b e  of l i t t l e  use  a t  t h e  low e n t r y  a n g l e s  
c h a r a c t e r i s t i c  of MSSR probe  e n t r y  n e a r  t h e  t e r m i n a t o r .  I f  p r e -  
c u r s o r y  measurements have no t  p rov ided  t h e  d a t a  n e c e s s a r y  t o  
e x t r a p o l a t e  from s u b - s o l a r  to t e r m i n a t o r  e n t r y  c o n d i t i o n s ,  i t  
i s  l i k e l y  t h a t  a more complex d r a g  p robe  scheme needs  t o  be 
evo lved  ( e . g . ,  one which can make measurements n e a r  t h e  t e r m i -  
n a t o r ) .  
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B. Encounter  Phase 

One of  t h e  f i r s t  s i g n i f i c a n t  e v e n t s  d u r i n g  t h e  en- 
c o u n t e r  phase  w i l l  be  t h e  a c q u i s i t i o n  of a tmosphe r i c  d a t a  from 
t h e  d r a g  p robes .  On t h e  b a s i s  o f  t h i s  i n f o r m a t i o n  f i n a l  co r -  
r e c t i o n s  can be made to t h e  MSSR probe  e n t r y  a n g l e .  A s  t h e  
data  i s  o b t a i n e d  approx ima te ly  s i x  hour s  b e f o r e  o r b i t  i n j e c -  
t i o n  , f o r  t h a t  p r o b e ,  t h e r e  may b e  t i m e  f o r  a n a l y s i s  and t r a j e c -  
t o r y  r e t a r g e t i n g .  

T a r g e t i n g  f o r  t h e  l a n d e r  probe  c o n t i n u e s  w e l l  i n t o  
e n c o u n t e r  phase and takes  advantage o f  improved t e l e s c o p i c  
r e s o l u t i o n  a t  t h e  Mars s u r f a c e .  It i s  assumed t h a t  t h i s  probe  
can remain i n  da rkness  f o r  t h e  f i r s t  one-half  day a f t e r  l a n d i n g ,  
and t h a t  i t  does n o t  have t o  communicate w i t h  t h e  M . M .  a t  en- 
c o u n t e r .  Consequent ly ,  l and ing  can o c c u r  on t h e  s ide  o f  t h e  
p l a n e t  r o t a t i n g  away from t h e  approach ing  M . M .  I n  t h i s  geometry 
good v iewing  o f  t h e  p r o s p e c t i v e  s i t e  may be a v a i l a b l e  up t o  about  
s i x  hour s  b e f o r e  per iaps is  g i v i n g  a ground r e s o l u t i o n  o f  approx- 
i m a t e l y  1 O C  meters.  The f i n a l  c o r r e c t i o n  o f  t h e  l a n d e r  probe  
t r a j e c t o r y  would b e  made about  one h o u r  b e f o r e  l a n d i n g .  

At approx ima te ly  s i x  h o u r s  p r i o r  t o  M . M .  p e r i a p s i s  
t h e  p l a n e t  d i s k  comple te ly  f i l l s  t h e  f i l m  p l a t e  o f  t h e  t e l e s c o p e  
camera.  Beyond t h i s  p o i n t  t h e  a s t r o n a u t s  pe r fo rm s e l e c t i v e  
photography o f  t h e  p l a n e t  s u r f a c e  based on a combinat ion o f  what 
t h e y  p r e s e n t l y  s e e  and what appeared i n t e r e s t i n g  i n  p r e v i o u s  
p h o t o s .  

Some f o u r  hour s  b e f o r e  M . M .  p e r i a p s i s  t h e  p h o t o g r a p h i c  
o r b i t e r  p robe  becomes o p e r a t i o n a l  and b e g i n s  i t s  p h o t o g r a p h i c  
m i s s i o n .  Close m o n i t o r i n g  by t h e  a s t r o n a u t s  on boa rd  t h e  M . M .  
w i l l  a l l o w  e a r l y  a d j u s t m e n t s  t o  be made i n  t h e  p robe  o r b i t  and 
o p e r a t i o n a l  p l a n  t o  o p t i m i z e  t h e  data  r e t u r n .  

The l a n d e r  p robe  r eaches  i t s  d e s t i n a t i o n  a t  approx- 
i m a t e l y  t h i s  same t i m e .  Depending on t h e  amount o f  a s t r o n a u t  
p a r t i c i p a t i o n  r e q u i r e d  f o r  experiment  deployment ,  t h i s  remote 
m o n i t o r i n g  s t a t i o n  may n o t  become o p e r a t i o n a l  u n t i l  a f t e r  t h e  
r e t u r n  sample i s  r e t r i e v e d .  

Remote o b s e r v a t i o n s  o f  Mars from t h e  M . M .  c o n t i n u e  
th roughou t  t h e  e n c o u n t e r  phase w i t h  a s u b s t a n t i a l  d rop-of f  i n  
v i s i b l e  o b s e r v a t i o n s  i n  t h e  pos t - encoun te r  p e r i o d  s i n c e  most 
o f  t h e  o b s e r v a b l e  d i s k  w i l l  be i n  shadow. Due t o  t h e  h i g h  
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exper iment  a c t i v i t y  on boa rd ,  e s p e c i a l l y  d u r i n g  t h e  b r i e f  
p e r i o d  o f  maximum r e s o l u t i o n  a t  t h e  t i m e  o f  p e r i a p s i s ,  most 
o f  t h e  o b s e r v a t i o n s  w i l l  p robably  have t o  be au tomated ,  w i t h  
t h e  a s t r o n a u t s  c o n f i n i n g  themselves  to d e c i s i o n  making d u r i n g  
non- rou t ine  o c c u r r e n c e s .  Remote  o b s e r v a t i o n s  o f  t h e  moons o f  
Mars, Phobos and Deimos, w i l l  a l s o  be c a r r i e d  o u t  d u r i n g  t h i s  
p e r i o d  o f  t i m e .  

The major  t ask  dur ing  t h e  e n c o u n t e r  phase w i l l  be 
e x e c u t i o n  o f  t h e  sample c o l l e c t i o n  exper iment .  E n t r y  and 
l a n d i n g  o f  t h i s  probe  are au tomat i c .  Once t h e  l anded  space-  
c r a f t  comes i n t o  t h e  s u n l i g h t ,  f a c s i m i l e  p i c t u r e s  o f  t h e  s u r -  
round ing  t e r r a i n  a r e  t r a n s m i t t e d  to t h e  M . M .  Based on t h i s  
o b s e r v a t i o n a l  da ta  t h e  a s t r o n a u t s  s e l e c t  t h e  a p p r o p r i a t e  areas 
f o r  sample c o l l e c t i o n  and then  g i v e  t h e  n e c e s s a r y  commands t o  
p roceed  w i t h  t h e  mis s ion .  The f i n a l  s t a g e s  o f  t h e  sample co l -  
l e c t i o n  exper iment  are t h e  command f o r  probe  a s c e n t  i n i t i a t i o n ,  
command guidance  o f  t h e  p robe  t o  rendezvous w i t h  t h e  M . M . ,  and 
r e t r i e v a l  o f  t h e  t h i r d  s t a g e  o f  t h e  a s c e n t  v e h i c l e  w i t h  i t s  
sample c o n t a i n e r s .  

Fol lowing  t h i s  t h e  commands are g i v e n  t o  deploy and 
b e g i n  remote o p e r a t i o n  o f  t h e  s u r f a c e  i n s t r u m e n t  packages on 
b o t h  t h e  l a n d e r  and MSSR probes .  I n i t i a l l y  h i g h  data r a t e  cap- 
a b i l i t y  i n  m o n i t o r i n g  t h e s e  i n s t r u m e n t s  c o u l d  p r o v i d e  t h e  b a s i s  
f o r  a d j u s t i n g  the  r e s p o n s e  o f  each  i n s t r u m e n t  ( f r e q u e n c y  r ange ,  
dynamic r a n g e ,  e t c . )  to t h e  observed  l e v e l  o f  t h e  pa rame te r  t o  
b e  r e c o r d e d .  

C .  Depa r tu re  Phase 

One o f  t h e  most impor t an t  phases  o f  or: boa rd  a c t i v i t y  
takes  p l a c e  d u r i n g  d e p a r t u r e ,  namely,  t h e  b i o a n a l y s i s  o f  t h e  
r e t u r n e d  s u r f a c e  sample.  This  f u n c t i o n  w i l l  be more or l e s s  
c o n t i n u o u s  th roughou t  t h e  e n t i r e  r e t u r n  m i s s i o n  and has been 
d i s c u s s e d  more f u l l y  i n  t h e  e a r l i e r  s e c t i o n  t i t l e d  "Sample 
Return . ' '  Also, a c t i v i t y  i n  t h e  en  r o u t e  expe r imen t s  program 
resumes d u r i n g  t h e  d e p a r t u r e  phase .  P e r h a p s  t h e  h i g h  p o i n t  o f  
t h i s  phase  o c c u r s  around t h e  midpoint  o f  t h e  t o t a l  m i s s i o n  
( %  340 days from Ear th )  when t h e  M . M .  i s  on t h e  o p p o s i t e  s i d e  o f  
t h e  s u n  from t h e  E a r t h .  Simultaneous o b s e r v a t i o n s  o f  t h e  sun  
may be  made a t  t h i s  t i m e  from t h e  two p o s i t i o n s .  The maximum 
p e n e t r a t i o n  ( %  2 . 2  A . U .  from the s u n )  o f  t h e  s p a c e c r a f t  i n t o  t h e  
a s t e r o i d  b e l t s  a l s o  occur s  a t  t h i s  t i m e .  
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APPENDIX B 

ATMOSPHERIC DRAG PROBE FOR A MARTIAN FLYBY PIISSION 

I. I N T R O D U C T I O N  

The d r a g  probe  i s  u t i l i z e d  t o  o b t a i n  i n f o r m a t i o n  
about  t h e  s t r u c t u r e  o f  t h e  Mar t ian  a tmosphere .  It e n t e r s  t h e  
a tmosphere  w i t h  a h i g h  v e l o c i t y ,  t h e n  undergoes c o n t i n u a l  ae ro -  
dynamic "b rak ing" .  I n  t h e  i n i t i a l  e n t r y  phase ,  a c c e l e r o m e t e r s  
o f  d i f f e r e n t  s e n s i t i v i t i e s  measure t h e  d e c e l e r a t i o n  d i r e c t l y ,  
w h i l e  a t  t h e  same t i m e  a r ad iomete r  and mass s p e c t r o m e t e r  de- 
termine a tmosphe r i c  composi t ion.  When t h e  p robe  has d e c e l e r a t e d  
s u f f i c i e n t l y ,  gauges t o  measure t o t a l  t e m p e r a t u r e  and p r e s s u r e  
d i r e c t l y  are s e t  i n t o  o p e r a t i o n .  I n  t h i s  f l i g h t  regime t h e  
mass s p e c t r o m e t e r  a l o n e  measures a tmospher ic  compos i t ion .  Com- 
b i n a t i o n  o f  a c c e l e r o m e t e r  and composi t ion  da ta ,  t a k e n  i n  t h e  
i n i t i a l  e n t r y  p h a s e ,  w i t h  p r e s s u r e ,  t e m p e r a t u r e ,  and composi- 
t i o n  da ta  r e c o r d e d  i n  t h e  f i n a l  f l i g h t  phase y i e l d s  an  a l t i t u d e  
p r o f i l e  o f  t h e  a tmosphe r i c  s t r u c t u r e .  

A p robe  o f  t h i s  t y p e ,  t o  b e  launched  from Mariner  
and Voyager v e h i c l e s ,  i s  p r e s e n t l y  b e i n g  developed  under  t h e  
g e n e r a l  d i r e c t i o n  of A m e s  Research Cen te r .  (1) ( 2 )  

Knowledge of t h e  thermodynamic s t a t e  o f  t h e  atmo- 
s p h e r e  about  t e n  hour s  b e f o r e  p e r i a p s i s  i s  d e s i r a b l e  for a t  
least  t h e  f o l l o w i n g  r e a s o n s :  

1. The e n t r y  a n g l e  o f  t h e  MSSR, o r  any 
o t h e r  s o f t  l a n d e r s ,  cou ld  be a d j u s t e d  
t o  a l l o w  f o r  more a c c u r a t e  t a r g e t i n g  
on t h e  Mar t i an  s u r f a c e .  

2 .  The p o s s i b i l i t y  t h a t  t h e  t r a j e c t o r y  o f  
low a l t i t u d e  o r b i t i n g  s p a c e c r a f t  c o u l d  
b e  a d j u s t e d  i f  it were found t h a t  t h e  
d e n s i t y  p r o f i l e  o f  t h e  atmosphere was 
s i g n i f i c a n t l y  d i f f e r e n t  from p r e v i o u s  
Mar iner  or Voyager based measurements.  
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11. MISSION PROFILE (SEE FIGURE B-1)  

The probe  i s  separated a t  t i m e  T (measured 
from M . M .  p e r i a p s i s )  from t h e  Miss ion  Module and g i v e n  
a AV i nc remen t  s u f f i c i e n t  i n  magnitude, d i r e c t i o n ,  and 
accu racy  t o  p l a c e  i t  on a c o l l i s i o n  cour se  w i t h  Mars 
a t  a p rede te rmined  lead t i m e  AT ( t i m e  of e a r l y  p robe  
a r r i v a l ,  measured from p e r i a p s i s ) .  For  a n  e n t r y  a n g l e  
o f  3.0" o r  l e s s  (measured from t h e  l o c a l  v e r t i c a l ) ,  
t o l e r a b l e  e r r o r s  a t  s e p a r a t i o n  a r e  + 2 9  i n  magnitude of 
AV, and + . 2 5 O  i n  t h r u s t  a n g l e .  F i g u r e  B-2 shows t h e  
r e l a t i o n g h i p  between AV and l e a d  t i m e  AT, w h i l e  F i g u r e  
B-3 p r e s e n t s  t h e  r e l a t i o n s h i p  between AV and t h e  growth 
f a c t o r .  

A s  a n  example of t h e  order o f  magni tude o f  t h e  
r e l e v a n t  parameters, T may be s e t  e q u a l  t o  f o u r  days .  
A t e n  hour  lead t i m e  w i l l  t h e n  r e q u i r e  a AV of  approx i -  
m a t e l y  one thousand me te r s / sec ,  and t h e  weight  o f  pro-  
p u l s i o n  sys tem n e c e s s a r y  w i l l  b e  about  f i f t y  pounds.  

The c o n s t r a i n t  on e n t r y  a n g l e  i s  d e s i r a b l e  f o r  
a number of  r e a s o n s ,  two of  w h i c h  a r e :  

1. Near v e r t i c a l  e n t r y  minimizes  t h e  
t ime of d e s c e n t  t h r o u g h  t h e  atmos- 
phere ,  t h e r e b y  r e d u c i n g  t h a t  p o r t i o n  
o f  t h e  e r r o r  i n  a l t i t u d e  de te rmina-  
t i o n  which a r i s e s  from t h e  l e n g t h  
o f  t i m e  s p e n t  by t h e  probe i n  t h e  
atmosphere.  

2 .  Near v e r t i c a l  e n t r y  minimizes  t h e  
change i n  a n g l e  between t h e  p r o b e ' s  
a x i s  of  symmetry and i t s  v e l o c i t y  
v e c t o r ,  t he reby  minimiz ing  t h e  
change i n  drag c o e f f i c i e n t  w i t h  
change i n  a l t i t u d e .  
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After the probe enters the atmosphere, it proceeds 
to make measurements while descending ballistically to the 
surface. Figure B-4 shows the probe velocity, drag force, 
communication blackout, and range of instrument operation 
as a function of altitude for simulated flight through a par- 
ticular model of the Mars atmosphere. 

During a large pdrtion of the descent through the 
atmosphere, a communications blackout between the probe and 
the Mission Module exists. Data acquired during blackout are 
stored and then transmitted, together with the real time data, 
once communication with the Mission Module is reestablished 
(probe velocity is then about 3 km/sec). 

111. PAYLOAD SUBSYSTEM 

The scientific instrumentation selected for this 
probe is similar to that contained in the Ames drag probe 
referred to in the Introduction. Table B-1 contains a listing 
of the instruments, as well as a tabulation of their require- 
ments and capabilities. Table B-2 contains the weight break- 
down of the scientific payload as well as that of the other 
subsystems. 

IV. OPERATIONAL SUPPORT SUBSYSTEMS 

A. Communications and Data Handling 

As pointed out in the Introduction the inte- 
grated mission profile of the manned flyby mission sug- 
g e s t s  the desirability of relatively long AT (about .5  
days) for the drag probes. Hence, communication ranges 
of about three hundred thousand nautical miles have to 
be considered. 

The required information rate can be estimated 
conservatively at 500 bits/second for the transmission 
of both real time data acquired after exit from black- 
out and concurrent readout of the data accumulated 
during blackout. This information rate is due to both 
wide coverage of the atmosphere as well as reduced com- 
munication time due to high entry velocity. Taking into 
account the communication capabilities foreseen for the 
Mission Module(3), i.e., utilization of S-band frequencies, 
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a thirty foot diameter antenna, and a three hundred 
watt transmitter, it is found that the gain require- 
ment of the probe antenna for the command link Mission 
Module-to-probe is well satisfied by an omnidirectional 
antenna. This choice should f'acilitate bcth signal ac- 
quisition and integration into the aerodynamic structure 
of the probe. 

Choice of an omnidirectional antenna, in 
turn, determines both the power requirement of the 
probe transmitter for the probe-to-Mission Module data 
transmission link and the modulation technique. The 
required power, which is obtained from the transmission 
equation after the assumed parameters are inserted, is 
thirty watts. The modulation technique, under this 
power constraint, has to be narrow band of about a five 
hundred Hertz bandwidth. The weight of a solid state 
transmitter with the required characteristics is esti- 
mated at three pounds. 

From the above considerations it is seen that 
the probe communications subsystem described here is 
somewhat different from that envisioned for the Ames 
drag probe, ( 2 )  but is similar in character to the low 
antenna gain - low power mode proposed f o r  sdme phases 
of the Apollo mission. (4) 

The two basic components of the data handling 
subsystem are the multiplexer-encoder and the data stor- 
age subsystem. It appears that these subsystems can be 
adapted with minor modifications from the data handling 
subsystem prescribed for the Ames drag probe. ( 2 )  

The basic functions of the data handling 
subsystem are as follows: 

1) repeated sampling of analog 
signals from the various com- 
ponents of the probe instrumen- 
tation; 

data words in a suitable frame 
format; 

2) encod'ing these samples into 
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3 )  cumula t ive  s t o r a g e  of  t hese  
data  frames d u r i n g  b l a c k o u t  
and b u f f e r  s t o r a g e  o f  r e a l  
t ime  d a t a  a f t e r  b l a c k o u t ;  

4 )  i n t e r l a c i n g  o f  r e a l  t i m e  and 
b l ackou t  d a t a  f rames ;  and 

5 )  p r o v i s i o n  o f  o u t p u t  s i g n a l s  
f o r  s u i t a b l e  modula t ion  o f  t h e  
t e l e m e t r y  s u b c a r r i e r  wave. 

B.  Power Subsystem 

The p e a k  power r equ i r emen t  from a l l  compo- 
n e n t s  (p robe  i n s t r u m e n t a t i o n ,  communication and da ta  
h a n d l i n g ,  p r o p u l s i o n ) ,  i s  e s t i m a t e d  a t  about  one hun- 
d r e d  f i f t y  wat t s ,  w h i l e  t h e  t o t a l  energy r equ i r emen t  i s  
about  ten- to- twenty  wat t -hours .  The p r e f e r r e d  power 
s o u r c e s  a r e  Ag-Cd b a t t e r i e s  which p r o v i d e  an energy  den- 
s i t y  about  s even ty  p e r c e n t  h ighe r  t h a n  tha t  of  N i - C d  
c e l l s .  S i x  pounds i s  then  t h e  r e q u i r e d  weight  o f  t h e  
b a t t e r i e s .  Two b a t t e r i e s  are employed: one ,  which i s  
i n s i d e  t h e  p robe  and w h i c h  weighs f o u r  pounds,  feeds t h e  
i n s t r u m e n t a t i o n  and communication subsys tems;  t h e  o t h e r ,  
which i s  a t t a c h e d  t o  t h e  a f t e r b o d y  cone,  i s  j e t t i s o n e d  
w i t h  t h e  cone a f t e r  t h r u s t i n g .  

C .  S t r u c t u r a l  Subsystem 

d r a g  p robe ,  showing an o u t l i n e  of  t h e  major  subsys tems.  
The b a s i c  s t r u c t u r e  o f  t he  probe  i s  a l i g h t  b e r y l l i u m  
s h e l l ,  w i t h  an  a b l a t i v e  heat  s h i e l d  c o v e r i n g  most o f  
t h e  f r o n t  s u r f a c e ,  apar t  from a r e g i o n  around t h e  c e n t e r  
which c o n t a i n s  an  o p t i c a l l y  t r a n s p a r e n t  q u a r t z  window 
sur rounded by a th i ckened  b e r y l l i u m  h e a t  s i n k .  Use o f  
a heat  s i n k  r a t h e r  t h a n  an a b l a t i v e  s h i e l d  i n  t h i s  r e g i o n  
p r e v e n t s  t h e  p r e s e n c e  of a b l a t i o n  p r o d u c t s  i n  t h e  f i e l d  
of view of t h e  r a d i o m e t e r  l o o k i n g  th rough  t h e  q u a r t z  
window. The f r o n t  p o r t i o n  of t h e  p robe  c o n t a i n s  t h e  
s c i e n t i f i c  payload  w i t h  t h e  da t a  h a n d l i n g  and communi- 
c a t i o n  subsys tem t o  i t s  rear .  Behind these  i s  t h e  pro-  
p u l s i o n  subsys tem t o  be  j e t t i s o n e d  a f t e r  bu rn ing .  T h i s  
a f t e r b o d y  of  t h e  probe  which i n c l u d e s  t h e  f u e l  t a n k s  
i s  covered by a t h i n  b e r y l l i u m  s h e l l .  

F i g u r e  B-5 p r e s e n t s  a c r o s s  s e c t i o n  o f  t h e  

The nominal d i a m e t e r  o f  t h e  probe i s  3 f t ,  
b u t  cou ld  be i n c r e a s e d  i f  r e d u c t i o n  o f  M/CDA p roves  
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n e c e s s a r y  i n  o r d e r  t o  i n c r e a s e  communication t i m e  
a f t e r  b l a c k o u t .  The s t r u c t u r a l  weight as shown i n  
T a b l e  B-I1 i s  approximate ly  25 l b s .  

D .  P r o p u l s i o n  Subsystem 

One r o c k e t  engine ,  which g e n e r a t e s  abou t  
1 6 2  pounds of t h r u s t  a t  c o n s t a n t  1 . 6  ' g t  a c c e l e r a t i o n ,  
and which u s e s  a l i q u i d  p r o p e l l a n t  of  th ree  hundred 
second s p e c i f i c  impu l se ,  i s  s p e c i f i e d .  The mass f r a c -  
t i o n  f o r  t h i s  eng ine  subsystem i s  . 7 ,  w h i l e  t h e  eng ine  
b u r n i n g  t i m e  i s  abou t  s i x t y  seconds .  After  b u r n i n g  
has been completed,  t h e  r o c k e t  e n g i n e ,  which i s  mounted 
a t  t h e  rear  of  t h e  probe  a long  i t s  a x i s ,  i s  j e t t i s o n e d  
i n  o r d e r  t o  r educe  t h e  v e h i c l e  M/CDA. 

E .  S t e r i l i z a t i o n  Subsystem 

The s t e r i l i z a t i o n  c a n i s t e r ,  which c o n t a i n s  
t h e  p robe  u n t i l  t i m e  of s e p a r a t i o n  and which i s  
h e r m e t i c a l l y  sealed up u n t i l  t h i s  t i m e ,  per forms 
t h r e e  d i s t i n c t  f u n c t i o n s :  

1) p r o t e c t i o n  of t h e  p robe  and 
i t s  a s s o c i a t e d  p r o p u l s i o n  sub- 
system from r e c o n t a m i n a t i o n  
w i t h  microorganisms subsequen t  
t o  t h e  t e r m i n a l  s t e r i l i z a t i o n  
p r o c e s s  ( t h e  main f u n c t i o n ) ;  

2 )  micrometeoroid impact  p r o t e c -  
t i o n  f o r  t h e  p robe  d u r i n g  i t s  
i n t e r p l a n e t a r y  c r u i s e ;  and 

3 )  f a c i l i t a t i o n  of t h e  thermal  
c o n t r o l  of  t h e  p robe  d u r i n g  
t h e  c r u i s e .  

The p r e s s u r i z e d  c a n i s t e r  i s  c o n s t r u c t e d  
t o  a l l o w  f o r  v e n t i n g  a t  any  d e s i r e d  t i m e .  P r i o r  t o  
s e p a r a t i o n ,  t h e  c a n i s t e r  cover  i s  j e t t i s o n e d  t o  a l l o w  
t h e  p robe  t o  b e  e j e c t e d .  
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INSTRUMENT RANGE Q U A N T I T Y ,  DATA RETURN* (BPS) I 
I I 

TABLE B - I  - PROBE SCIENTIFIC INSTRUMENTATION 

1 Acce le romete r s  
! 

A x i a l :  0-4OO'g's 
0-40 

0-4 

T r a n s v e r s e :  0-100 

0-20 

2 1 

1 
! Mass S p e c t r o m e t e r /  6 Channels 
I 

2 
2 

2 

40 R . T .  ** t 40 

, 

B.O.***  

1 

4 2  R.T. t 84 B.O.  

: P r e s s u r e  Gauge ' 0-50 M i l l i b a r s  
i 

i I 

5 
35 R . T .  

i--- ~~ ~ 

Tempera ture  Gauge 0-15OO0K ! 
1 

2 
1 2  R.T.  

Radiometer  ! 1 i 4 S p e c t r a l  Lines  o f  ; 

C , C N , N H , C 2  between I 
2 4 7 8  and 5165 i. i 

I 

i 

! 

i 48 B . O .  

* T o t a l  d a t a  r e t u r n  i s  p r o p o r t i o n a l  t o  communication t i m e  
which i s  n o t  known beforehand.  For t h e  VM-7 a tmosphere ,  
communication t i m e  i s  e s t i m a t e d  a t  8 seconds .  

**R.T. 

***B.O. 

i s  
i s  

Real Time Data .  
Blackout  T i m e  Data.  
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TABLE B - I 1  - SUBSYSTEM WEIGHT BREAKDOWN 

SUBSYSTEM 
I 

S c i e n t i f i c  Payload 
Accelerometers  
P r e s s u r e  and Temperature 
Probes 
Radiometer  
Mas s S p e c t romet e r 
M i  s c e 11 aneous 

Communication and Data 
Handl ing  
B a t t e r y  
Avionics  and Data S t o r a g e  

V e h i c l e  S t r u c t u r e  and 
Heat S h i e l d  

P r o p u l s i o n  
B a t t e r y  and Avionics  
Suppor t  S t r u c t u r e  
AV Engine and P r o p e l l a n t  

S t e r i l i z a t i o n  C a n i s t e r  

1 

WEIGHT (LBS) TOTALS 

4 
9 

25 

2 

4 
46 

65 

18 

1 3  

25 

52 

65  
! 173 I 
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APPENDIX C 

MARS ORBITER PROBE 

I .  I N T R O D U C T I O N  

I n  t h e  f o l l o w i n g  d i s c u s s i o n s  t h e  c u r r e n t l y  e n v i s i o n e d  
o r b i t e r  p robe  m i s s i o n  p r o f i l e ,  i t s  in s t rumen t  pay load ,  and con- 
c e p t u a l  e n g i n e e r i n g  d e s i g n  a r e  d e s c r i b e d .  

There  are numerous p o s s i b l e  m i s s i o n  p r o f i l e s ,  each  
h a v i n g  somewhat d i f f e r e n t  o b j e c t i v e s .  The p r o f i l e  d e s c r i b e d  
here  i s  o r i e n t e d  l a r g e l y  toward t h e  a c q u i s i t i o n  o f  h i g h  r e s o -  
l u t i o n  imagery o f  t h e  Mar t i an  s u r f a c e .  T h i s  t y p e  o f  m i s s i o n  
o b j e c t i v e  s u g g e s t s  i n s e r t i o n  i n t o  a low a l t i t u d e  c i r c u l a r  o r b i t  
and t h u s  l a r g e  v e l o c i t y  change r e q u i r e m e n t s ,  r e f l e c t e d  i n  t h e  
need f o r  l a r g e ,  h i g h  performance p r o p u l s i o n  sys t ems .  T h e r e f o r e ,  
t h e  p r o f i l e  p r e s e n t e d  s h o u l d  b e  r ega rded  as a n  approximate  
bounding m i s s i o n  i n  r e g a r d  t o  p robe  energy  r e q u i r e m e n t s .  

The payload  i n s t r u m e n t s  are l i s t e d  a c c o r d i n g  t o  
a p p l i c a b l e  areas o f  i n t e r e s t ,  and a p p r o p r i a t e  we igh t s  and data  
r e t u r n  i n f o r m a t i o n  are g iven .  A b r i e f  d e s c r i p t i o n  o f  t h e  photo-  
g r a p h i c  and T.V. p o r t i o n s  o f  t h e  payload  i s  g i v e n  s e p a r a t e l y .  

The probe  concep tua l  d e s i g n  c o n s i s t s  p r i m a r i l y  o f  a 
p e r t u r b a t i o n  on t h e  e x i s t i n g  Lunar O r b i t e r  sys tem w i t h  some 
a l lowance  f o r  a n t i c i p a t e d  e x t e n s i o n s  i n  t h e  s t a t e - o f - t h e -  
a r t .  The g r o s s  weight  f o r  each  major  subsys tem i s  g i v e n ,  
as w e l l  as t h e  assumpt ions  and p e r t i n e n t  i n f o r m a t i o n  used  t o  
d e t e r m i n e  t h e  subsystem weights. The p r o p u l s i o n  sys tem re- 
q u i r e d  t o  p l a c e  t h e  payload  and s u p p o r t i n g  sys tems.  i n t o  a 
300 km c i r c u l a r  p o l a r  o r b i t  about Mars i s  s i z e d  and i t s  g r o s s  
per formance  c h a r a c t e r i s t i c s  p r e s e n t e d .  

The probe  d e s i g n  i s  summarized by a weight t a b u l a t i o n  
of t h e  major  subsystems which r e s u l t s  i n  an  i n i t i a l  weight  a t  
i n j e c t i o n  of 10,490 l b s  and a n  o r b i t  we igh t  o f  793 l b s .  A 
p r e l i m i n a r y  l a y o u t  showing t h e  g r o s s  c o n f i g u r a t i o n  of  t h e  p robe  
i s  a l s o  p r e s e n t e d  as p a r t  o f  t h e  summary. 

11. MISSION PROFILE 

The m i s s i o n  p r o f i l e  p r e s e n t e d  i s  one which i s  de- 
s i g n e d  i n  f a v o r  o f  h i g h  r e s o l u t i o n  photography and T.V.  o f  t h e  
Mar t i an  s u r f a c e .  T h i s  i m p l i e s  a low a l t i t u d e  c i r c u l a r  o r b i t  f o r  
b e s t  photography and T .V.  r esu l t s ,  which i n  t u r n  n e c e s s i t a t e s  
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l a r g e  probe  v e l o c i t y  change c a p a b i l i t y .  There  a r e  two methods 
o f  p r o v i d i n g  t h e  r e q u i r e d  r e t r o g r a d e  v e l o c i t y  change:  a l l  pro-  
p u l s i v e  deboos t  o r  ae robrak ing .  The l a t t e r  h o l d s  t h e  p o t e n t i a l  
of c o n s i d e r a b l e  l aunch  weight  r e d u c t i o n  from t h e  fo rmer ,  perhaps  
as much as 5000 l b s  t o  6000 l b s .  ( 2, 
t h i s  approach  has n o t  y e t  b e e n  e s t a b l i s h e d  and t h e r e f o r e  a t t e n -  
t i o n  w i l l  b e  conf ined  t o  an a l l - p r o p u l s i v e  p r o f i l e .  

However, f e a s i b i l i t y  o f  

S e p a r a t i o n  fiaom t h e  M . M .  and j e t t i s o n  o f  t h e  s t e r i l -  
i z a t i o n  c a n i s t e r  i s  assumed t o  t ake  p l a c e  f i v e  days  p r i o r  t o  
M . M .  p e r i a p s i s  p a s s a g e ,  i . e . ,  M-5 days .  An i n j e c t i o n  v e l o c i t y  
change o f  1 1 0 0  f p s  p r o v i d e s  f o r  p robe  a r r i v a l  a t  300 k m  a l t i -  
t u d e  a t  M-4 h r s  approx ima te ly  ove r  t h e  n o r t h  p o l e  of t h e  p l a n e t .  
The maximum midcourse v e l o c i t y  change i s  est imated t o  be  1 0 0  f p s  
and i s  performed v i a  t r a c k i n g  and r a d i o  command from t h e  M . M .  
The o r b i t a l  i n s e r t i o n  maneuver u s e s  a l l  t h r e e  s t a g e s  t o  supp ly  
t h e  r e q u i r e d  22,280 f p s  v e l o c i t y  change w i t h  o r b i t a l  v e l o c i t y  
a c h i e v e d  a t  t h i r d  s t a g e  s h u t  down. During t h e  f i r s t  o r b i t a l  
p a s s  o v e r  t h e  s u n l i t  f a c e  o f  Mars, t h e  probe  w i l l  be  t r a c k e d  
and i t s  sys tems checked o u t  from t h e  M . M .  T h i s  w i l l  a l l o w  p re -  
l i m i n a r y  o r b i t  d e t e r m i n a t i o n  a s  w e l l  as t h e  i n i t i a t i o n  o f  cor-  
r e c t i v e  or con t ingency  o p e r a t i o n  i n  t h e  even t  o f  a probe  sub- 
sys t em m a l f u n c t i o n .  F i g u r e  C-1 p r e s e n t s  a p i c t o r i a l  summary 
o f  t h e  m i s s i o n  p r o f i l e  w i t h  p e r t i n e n t  data i n c l u d e d  f o r  each 
p h a s e ,  and T a b l e  C - I  g i v e s  a probe weight  h i s t o r y  by m i s s i o n  phase .  

111. PAYLOAD SUBSYSTEM 

The o r b i t e r  probe in s t rumen t  payload  i s  l i s t e d  i n  
T a b l e  C - I 1  and i n c l u d e s  t h e  a p p r o p r i a t e  i n f o r m a t i o n  conce rn ing  
es t imated  we igh t s  and expec ted  da t a  r e t u r n .  The two ma jo r  e le -  
ments of  t h e  payload  are the  h i g h  r e s o l u t i o n  pho tograph ic  sys tem 
and T.V. v i d i c o n  cameras weighing about  150 l b s  and 54 l b s ,  
r e s p e c t i v e l y .  The r ema in ing  g e o p h y s i c a l  and a tmosphe r i c  i n s t r u -  
m e n t a t i o n  i s  es t imated t o  weigh about  90 l b s ,  l e a d i n g  t o  a t o t a l  
pay load  weight  of 294 l b s .  

The h i g h  r e s o l u t i o n  p h o t o g r a p h i c  sys tem i s  d e r i v e d  
from i t s  Lunar O r b i t e r  p r e d e c e s s o r  and has many of t h e  same cha r -  
a c t e r i s t i c s .  It i s  env i s ioned  as a 70 mm f i l m  sys tem i n c l u d i n g  
f i l m  deve lop ing ,  t r a n s p o r t ,  s t o r a g e ,  and s l i g h t l y  mod i f i ed  read- 
o u t  c a p a b i l i t y  i n  a s i n g l e  h e r m e t i c a l l y  sealed package.  From 
a 300 km a l t i t u d e  t h e  sys t em i s  a n t i c i p a t e d  t o  p r o v i d e  about  one 
hundred 40 x 40 km p i c t u r e s  o f  8 m r e s o l u t i o n  for t r a n s m i s s i o n  t o  
t h e  nea rby  M . M .  d u r i n g  t h e  encoun te r  phase  o f  t h e  m i s s i o n .  

Subsequent  t o  t h e  encoun te r  phase  t h e  long  d u r a t i o n  
( i . e . ,  s e a s o n a l )  s u r f a c e  imaging r equ i r emen t  i s  f u l f i l l e d  by 
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t h e  on boa rd  T . V .  system. There a re  a t o t a l  o f  t h r e e  T.V. 
cameras  o f  t h e  Ranger 9 "A" and "B" v a r i e t y  mod i f i ed  w i t h  

Ranger 3 camera l e n s e s .  ( 3 )  
w i t h  a d i f f e r e n t  c o l o r  f i l t e r  i n  o r d e r  t o  o b s e r v e  p o s s i b l e  
s e a s o n a l  changes i n  c o l o r a t i o n  o f  t h e  same s u r f a c e  l o c a t i o n .  
From 300 km a l t i t u d e  t h e  cameras p r o v i d e  images 3 km on a 
s i d e  w i t h  8 m r e s o l u t i o n  for d i r e c t  t r a n s m i s s i o n  t o  E a r t h  or 
p o s s i b l e  i n t e r i m  on board  s t o r a g e .  Assuming s i x  hour s  o f  
t r a n s m i s s i o n  t i m e  p e r  day t h e  number o f  v i d i c o n  image t r i o s  
t r a n s m i t t e d  each  day  w i l l  va ry  between t h r e e  and 43 as a 
f u n c t i o n  of  Mars-Earth d i s t a n c e .  Each camera i s  e s t i m a t e d  
t o  weigh 1 8  l b s  i n c l u d i n g  the  e l e c t r o n i c s  n e c e s s a r y  t o  con- 
v e r t  t h e  v i d i c o n  images i n t o  e l e c t r i c a l  i m p u l s e s ,  t h u s  y i e l d i n g  
a t o t a l  T .V .  sys t em weight  o f  54 l b s .  The a d d i t i o n  o f  90 lbs 
o f  g e o p h y s i c a l  and a tmospher ic  i n s t r u m e n t a t i o n  as l i s t e d  i n  
T a b l e  C - I 1  r e s u l t s  i n  a t o t a l  payload  weight o f  294 l b s .  

Each o f  these  cameras i s  f i t t e d  

I V .  OPERATIONAL SUPPORT SUBSYSTEMS 

I n  t h e  f o l l o w i n g  pa rag raphs  t h e  Lunar O r b i t e r  s y s t e m  
i s  used  as a p o i n t  of d e p a r t u r e  i n  c o n c e p t u a l l y  d e s i g n i n g  t h e  
i n d i v i d u a l  Mars o r b i t e r  subsystems.  The p r i m a r y  o b j e c t i v e  was 
t o  a r r i v e  a t  r e a s o n a b l e  subsystem weight  estimates w i t h i n  t h e  
c o n s t r a i n t  o f  modest i n c r e a s e s  i n  t h e  s t a t e - o f - t h e - a r t  f o r  t h e  
f o l l o w i n g  subsys tems:  

A .  P r o p u l s i o n  
B .  Power Supply 
C .  Communications 
D .  A t t i t u d e  Con t ro l  
E .  S t r u c t u r e  
F.  Payload-Bus I n t e g r a t i o n  
G .  S t e r i l i z a t i o n  C a n i s t e r  

A .  P r o p u l s i o n  

ene rgy  f l y b y  hype rbo la  t o  t h e  r e l a t i v e l y  l o w  energy  c i r -  
c u l a r  o r b i t ,  a l a r g e  h igh  per formance  p r o p u l s i o n  s y s t e m  
i s  r e q u i r e d .  Based on t h e  r e q u i r e d  deboos t  v e l o c i t y  
change of 2 2 , 2 8 0  f p s  ( f o r  t h e  p r o f i l e  d e s c r i b e d  h e r e i n ) ,  
and an  i n j e c t i o n  and midcourse v e l o c i t y  change o f  about  
1200 f p s ,  a t h r e e  s t a g e  s t o r a b l e  p r o p e l l a n t  s y s t e m  
u t i l i z i n g  t o r r o i d a l  tankage  was chosen.  The deboos t  
v e l o c i t y  change i s  d i v i d e d  up e v e n l y  among t h e  t h r e e  
stages w i t h  t h e  i n j e c t i o n  and midcourse v e l o c i t y  change 
b e i n g  an a d d i t i o n a l  requi rement  f o r  t h e  f i r s t  s t a g e .  

I n  o r d e r  t o  t r a n s f e r  t h e  probe  from t h e  h i g h  
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The es t imated mass f r a c t i o n s  and s p e c i f i c  impulses  
f o r  t h e  s y s t e m  r e s u l t  i n  a weight growth f a c t o r  of  
1 3 . 2  y i e l d i n g  an  i n i t i a l  weight  a t  i n j e c t i o n  o f  
10,490 l b s ,  o f  which 9697 lbs i s  t h e  p r o p u l s i o n  s y s -  
t e m .  The v e l o c i t y  change, mass f r a c t i o n ,  s p e c i f i c  
i m p u l s e ,  and g r o s s  weight o f  each s t a g e  are g i v e n  
i n  T a b l e  C-111, w h i l e  t h e  g r o s s  c o n f i g u r a t i o n  o f  
t h e  p r o p u l s i o n  s y s t e m  as wel l  as t h e  probe  i s  
p r e s e n t e d  i n  F i g u r e  C-2. 

B. Power Subsystem 
The power supply subsys tem i s  des igned  t o  

s a t i s f y  a n  es t imated p e a k  r equ i r emen t  of  340 watts.  
T h i s  peak r equ i r emen t  occur s  whi le  t h e  probe  i s  i n  
o r b i t a l  f l i g h t  ove r  t h e  s u n l i t  s i d e  of t h e  p l a n e t  
d u r i n g  t h e  M . M .  e n c o u n t e r  phase  o f  t h e  m i s s i o n .  The 
c o n s t i t u e n t  power r equ i r emen t s  a re  as f o l l o w s :  

Genera l  Housekeeping % 5 watts  
Communications % 4 1  watts 
A t t i t u d e  C o n t r o l  % 19 watts 
Photography % 75 watts 
B a t t e r y  Recharge % 200 watts 

Peak Power Requirement % 340 watts 

The Mar iner  I V  s o l a r  p a n e l s  produced about  
9 w/ lb  a t  E a r t h  and i t  i s  es t imated t h a t  t h e  a p p l i c a -  
t i o n  of e x i s t i n g , m o r e  r e f i n e d  f a b r i c a t i o n  t e c h n i q u e s  
would a l l o w  t h e  c o n s t r u c t i o n  o f  p a n e l  s y s t e m s  pro-  
d u c i n g  25 w / l b .  ( 4 )  T h i s  s o l a r  p a n e l  o u t p u t  power den- 
S i t y  i s  d i f f e r e n t  a t  Mars due t o  t h e  g r e a t e r  d i s t a n c e  
from t h e  sun  and because  o f  t h e  lower  a v e r a g e ' t e m p e r a -  
t u r e s  of t h e  s o l a r  c e l l s  i n  t h a t  l o c a l i t y .  While i n -  
creased d i s t a n c e  from t h e  s u n  d e c r e a s e s  t h e  a v a i l a b l e  
s o l a r  energy ,  t h e  consequent  lower  o p e r a t i n g  tempera- 
t u r e  of t h e  s o l a r  c e l l s  t ends  t o  i n c r e a s e  t h e i r  ef-  
f i c i e n c y .  The n e t  r e s u l t  i s  a r e d u c t i o n  i n  p a n e l  ou t -  
p u t  power d e n s i t y  b y  a f a c t o r  o f  about  two y i e l d i n g  a n  
o u t p u t  a t  Mars of 12.5 w / l b .  By 1970 s t a t e - o f - t h e - a r t  

2 s o l a r  p a n e l  s p e c i f i c  w e i g h t  s h o u l d  b e  about  . 5  l b s / f t  , 
r e s u l t i n g  i n  an  o u t p u t  power area d e n s i t y  a t  Mars o f  
6 .25  w / f t  . For t h e  p e a k  power r equ i r emen t  o f  340 watts 
and a 1 0  p e r  c e n t  a r e a  f a c t o r  o f  s a f e t y  f o r  a n t i c i p a t e d  

2 
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s o l a r  c e l l  d e g r a d a t i o n ,  t h e  s o l a r  p a n e l  area r e q u i r e d  
i s  60 f t  w i t h  a cor responding  t o t a l  p a n e l  weight  o f  
30 l b s .  

2 

Tie 200 watt b a t t e r y  r e c h a r g e  r equ i r emen t  
r e p r e s e n t s  t h e  amount of power r e q u i r e d  f o r  probe  
f u n c t i o n i n g  w h i l e  i n  o r b i t a l  f l i g h t  ove r  t h e  d a r k  
s i d e  o f  t h e  p l a n e t  du r ing  t h e  encoun te r  phase  o f  t h e  
mis s ion .  S i n c e  .?3 h r s  ( i . e . ,  1 / 2  p e r i o d  of  300 km 
a l t i t u d e  c i r c u l a r  o r b i t )  i s  s p e n t  i n  d a r k n e s s ,  a 
t o t a l  o f  186 wat t -hrs  of e l e c t r i c a l  energy would b e  
consumed. Allowing a 2 2  p e r  c e n t  dep th  o f  d i s c h a r g e  
f o r  t h e  s t o r a g e  b a t t e r i e s  r e s u l t s  i n  a t o t a l  s t o r a g e  
requi rement  o f  845 w a t t - h r s .  Silver-cadmium b a t -  
t e r i e s  p r o v i d e  a maximum energy d e n s i t y  o f  26 watt- 
h r s / l b ,  and a n  o p e r a t i o n a l  l i f e  of about  1600 one 
hour  d i s c h a r g e  c y c l e s  r e s u l t i n g  i n  a g r o s s  l i f e -  
t i m e  p e r  b a t t e r y  o f  about 1 2 3  days .  (5) Three o f  
t h e s e  b a t t e r i e s  weighing a t o t a l  o f  98  l b s  are  
employed t o  a c h i e v e  an  e s t i m a t e d  probe  l i f e t i m e  
o f  369 days ,  which i s  s l i g h t l y  l o n g e r  t h a n  one- 
ha l f  o f  a Mar t i an  s e a s o n a l  c y c l e .  Other  e l emen t s  
o f  t h e  power supp ly  subsystem such  as s o l a r  p a n e l  
a c t u a t i o n  and deployment mechanisms, v o l t a g e  reg-  
u l a t i o n  equipment ,  and misce l l aneous  w i r i n g  and 
c a b l i n g  amount t o  a n  a d d i t i o n a l  4 4  l b s .  The t o t a l  
weight  of t h e  power supply sys tem i s  t h e r e f o r e  
es t imated t o  be  1 7 2  lbs. 

C .  Communication Subsystem 

t h e  same as t h a t  employed by t h e  Lunar O r b i t e r  w i t h  
t h e  e x c e p t i o n  o f  a n  e n l a r g e d  h igh  g a i n  a n t e n n a  and 
minor changes i n  c i r c u i t r y  i n  o r d e r  t o  p r o v i d e  some 
data  compression and coding c a p a b i l i t y .  One o t h e r  
e x c e p t i o n  i s  t h e  i n c l u s i o n  o f  da ta  s t o r a g e  c a p a b i l i t y  
o t h e r  t h a n  t h a t  e x i s t i n g  i n  t h e  pho tograph ic  subsystem. 

The communication subsystem i s  e s s e n t i a l l y  

The v a r i a t i o n  f r o  , t h e  Lunar O r b i t e r  com- 
mun ica t ions  sys tem i s  a f u n c  I? i o n  on ly  o f  t h e  d i f -  
f e r e n c e  between t h e  earth-based DSIF and M . M .  re- 
c e i v i n g  sys tems.  The d i f f e r e n c e  c o n s i s t s  o f  a 
r e d u c t i o n  i n  an tenna  d i ame te r  from t h e  85 f t  DSIF 
i n s t a l l a t i o n s  t o  a n  assumed 30  f t  M . M .  a n t e n n a  s i z e  
as w e l l  as a f a c t o r  o f  about s i x  i n c r e a s e  i n  r e c e i v e r  
n o i s e  t e m p e r a t u r e  o v e r  t h e  maser r e c e i v e r s  o f  t h e  
DSIF. To compensate f o r  t h e  decrement i n  r e c e i v i n g  
c a p a b i l i t y  wi thou t  compromising Lunar O r b i t e r  photo  
q u a l i t y ,  t h e  probe  t r a n s m i s s i o n  a n t e n n a  diameter i s  
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i n c r e a s e d  by a f a c t o r  o f  f i v e  (compared t o  Lunar 
O r b i t e r )  t o  t h e  est imated f eas ib l e  l i m i t  of  15  f t .  
I n  a d d i t i o n ,  data compression and coding  are 
modes t ly  assumed t o  reduce t h e  Lunar O r b i t e r  da ta  
rat.e by f a c t o r s  of two y i e l d i n g  a t o t a l  r a t e  r e -  
d u c t i o n  by a f a c t o r  o f  f o u r .  Applying these  nu- 
m e r i c a l  v a l u e s  t o  t h e  t r a n s m i s s i o n  e q u a t i o n  r e s u l t s  
i n  a maximum range  ove r  which Lunar O r b i t e r  q u a l -  
i t y  p i c t u r e s  can be  t r a n s m i t t e d  o f  1 . 4 4  Earth-moon 
d i s t a n c e s ,  i . e . ,  about 555 x lo3 km. T h i s  would 
a l l o w  t h e  a c q u i s i t i o n  o f  about  7 0  photographs  o f  
t h e  p r e v i o u s l y  mentioned a r e a  coverage  and r e s o -  
l u t  i o n .  

C o l l a p s i b l e  (umbre l l a  t y p e )  nichrome 
m a t  c o n s t r u c t i o n  i s  used  i n  o r d e r  t o  minimize t h e  
weight of  t h e  e n l a r g e d  an tenna  as w e l l  as r educe  t h e  
r e q u i r e d  probe  s t o r a g e  volume i n  t h e  M . M .  ( 6 )  E x t r a -  
p o l a t i n g  t h e  1 5  l b s  w e i g h t  o f  t h e  1 0  f t  d i a m e t e r  
Apol lo  e r e c t a b l e  an tenna  by t h e  r a t i o  o f  t h e  s q u a r e s  
o f  diameters r e s u l t s  i n  an a n t e n n a  weight  o f  about  
34 l b s .  

P r o v i s i o n  must b e  made f o r  s u f f i c i e n t  da ta  
s t o r a g e  c a p a b i l i t y  t o  s a t i s f y  b o t h  e n c o u n t e r  and 
p o s t  e n c o u n t e r  phase o p e r a t i o n a l  r e q u i r e m e n t s .  The 
fo rmer  of  these  two c r i t e r i a  i s  c u r r e n t l y  a n t i c i -  
pa t ed  t o  govern and would r e q u i r e  equipment c a p a b l e  
o f  s t o r i n g  5 x lo8 b i t s  o f  i n f o r m a t i o n .  An e r a s a b l e  
magnet ic  t ape  s t o r a g e  system i s  used  t o  f u l f i l l  t h i s  
r equ i r emen t  and i t s  weight i s  es t imated a t  about  
45 l b s .  ( 7 )  
b u f f e r  a l l o w s  t h e  t r a n s m i s s i o n  o f  approx ima te ly  30 ad- 
d i t i o n a l  photographs  r e s u l t i n g  i n  a t o t a l  o f  about  
1 0 0  pho tos .  

Use o f  t h e  d a t a  s t o r a g e  c a p a c i t y  as a 

Allowing 79  l b s  f o r  data  s t o r a g e  and t h e  
a n t e n n a ,  t h e  remain ing  51 l b s  o f  t h e  communication 
subsys tem i s  composed p r i m a r i l y  of a f l i g h t  program- 
mer, t r a n s p o n d e r ,  and a m p l i f i e r ,  t h u s  y i e l d i n g  a 
t o t a l  subsys tem weight  of 130 l b s .  

D.  A t t i t u d e  C o n t r o l  Subsystem 

A t t i t u d e  c o n t r o l  d u r i n g  t h e  l a rge  v e l o c i t y  
change deboos t  maneuver w i l l  be p rov ided  by t h e  a t -  
t i t u d e  c o n t r o l  subsystem o f  t h e  t h r e e  s tage  p r o p u l s i o n  
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sys t em."  The r e q u i r e d  a n g u l a r  momentum f o r  a t t i t u d e  
c o n t r o l  i n  o r b i t  i s  provided  by e i g h t  s o l e n o i d  oper-  
a t e d  low t h r u s t  gas  j e t s  mounted on t h e  s o l a r  p a n e l  
t i p s  i n  o r d e r  t o  p r o v i d e  t h e  maximum t o t a l  moment f o r  
t h e  a v a i l a b l e  sys tem impulse .  Based on t h i s  conf ig -  
u r a t i o n  and Lunar O r b i t e r  o p e r a t i o n s  d a t a  i t  i s  e s t i -  
mated t h a t  about  1 . 6 8  x l b s  o f  n i t r o g e n  a re  re-  
q u i r e d  f o r  each  pho tograph ic  maneuver. ( 8 )  
70 s e p a r a t e  pho tograph ic  maneuvers and two maneuvers 
p e r  day  f o r  369 days  f o r  a c q u i s i t i o n  o f  v i d i c o n  images,  
13 .85  l b s  o f  n i t r o g e n  would b e  r e q u i r e d .  F u r t h e r -  
more, f o r  a - + 2 O  deadband a t t i t u d e  h o l d  t h e  gas  con- 
sumption r a t e  i s  about  6.6 x l b / h r  r e s u l t i n g  
i n  a n  a d d i t i o n a l  requi rement  of .59  l b s  o f  gas  f o r  
t h e  369 days  o f  probe  l i f e t i m e ,  y i e l d i n g  a t o t a l  re- 
qui rement  o f  about  1 4 . 5  l b s  of g a s  ( i n c l u d i n g  . 4  l b s  
r e s e r v e ) .  

Assuming 

S t o r a g e  o f  t h e  g a s  i n  t h e  same thermo- 
dynamic s t a t e  as i n  t h e  l u n a r  m i s s i o n  c a s e  ( i . e . ,  
t h e  same p r e s s u r e ,  t e m p e r a t u r e ,  and d e n s i t y )  p e r m i t s  
t h e  u s e  o f  a smaller  and t h e r e f o r e  l i g h t e r  weight  g a s  
b o t t l e  c o n s t r u c t e d  o f  t h e  same mater ia l  as on t h e  
Lunar O r b i t e r .  Through man ipu la t ion  of t h e  probe- 
to-Lunar  O r b i t e r  r a t i o  of r e q u i r e d  n i t r o g e n  we igh t ,  
and u s i n g  t h e  known Lunar O r b i t e r  g a s  b o t t l e  we igh t ,  
t h e  probe  gas  b o t t l e  w e i g h t  i s  es t imated  a t  16 .8  l b s .  
The e n t i r e  subsys tem i n c l u d i n g  b o t t l e d  g a s ,  plumbing, 
i n e r t i a l  r e f e r e n c e  u n i t ,  sun  and Canopus s e n s o r s ,  
and o t h e r  m i s c e l l a n e o u s  items i s  es t imated t o  weigh 
63 l b s .  

E .  S t r u c t u r a l  Subsystem 

sys t em i s  t h a t  of a t r u n c a t e d  cone w i t h  t h e  l a r g e  
and small  bases s e r v i n g  as lower and upper  equipment 
decks ,  r e s p e c t i v e l y .  The two decks  are  connec ted  by 
a r i g i d  aluminum t u b u l a r  frame which i s  t h e  pr imary  
l o a d  b e a r i n g  element  o f  t h e  s t r u c t u r a l  subsystem. 
The lower  deck i s  f i t t e d  w i t h  an  a d a p t e r  r i n g  which 
s e r v e s  as a s e v e r a b l e  s t r u c t u r a l  c o n n e c t i o n  between 
t h e  probe  and t h i r d  s t a g e  of t h e  p r o p u l s i o n  sys tem.  
Equipment mounted on t h e  lower  deck would r e s i d e  
w i t h i n  t h e  t r u n c a t e d  conic  enve lope ,  w h i l e  t h a t  f i x e d  
t o  t h e  uppe r  deck would be o u t s i d e  of t h e  enve lope .  
The f o l d a b l e  an tenna  would be  mounted on i t s  s u p p o r t  
s t r u c t u r e  and gimbal  mechanism on t h e  upper  deck which 
a l s o  would be  a l o g i c a l  l o c a t i o n  f o r  t h e  remainder  o f  
t h e  communications subsystem equipment .  A s  i n  t h e  
c a s e  of t h e  Lunar O r b i t e r  t h i s  t r u n c a t e d  c o n i c  shaped 

The g e n e r a l  shape of  t h e  s t r u c t u r a l  sub- 

~~ 

*Inc luded  i n  t o t a l  p r o p u l s i o n  s y s t e m  we igh t .  
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probe  would be wrapped i n  a n  a lumin ized  m y l a r  thermal  
s h i e l d  i n  o r d e r  t o  moderate  t h e  e f f e c t s  o f  env i ron -  
men ta l  t e m p e r a t u r e  ex t remes .  The t o t a l  weight  o f  t h e  
s t r u c t u r a l  subsys tem is e s t i m a t e d  t o  b e  about  59 l b s .  

F. Payload-Bus I n t e g r a t i o n  Subsystem 
The f i n a l  subsystem t o  be  d i s c u s s e d  i s  one 

which i s  e n v i s i o n e d  a s  the  i n t e r f a c e  between t h e  T.V. 
( and  i n s t r u m e n t a t i o n )  p o r t i o n  o f  t h e  payload  and a l l  
o t h e r  subsys tems of t h e  probe;  t h i s  i s  t h e r e f o r e  des- 
i g n a t e d  t h e  payload-bus i n t e g r a t i o n  subsystem. Due 
t o  c u r r e n t  u n c e r t a i n t i e s  i n  payload  i n t e g r a t i o n  t h i s  
p a r t  o f  t h e  p robe  i s  perhaps t h e  l e a s t  d e f i n e d  of  
t h e  subsys tems.  However, i t  i s  a n t i c i p a t e d  t h a t  i t  
would c o n s i s t  o f  data  management equipment ,  s i g n a l  
c o n d i t i o n i n g  and s w i t c h i n g  c i r c u i t r y ,  v a r i o u s  pe r -  
formance t r a n s d u c e r s  such as thermocouples  and PO- 
t e n t i o m e t e r s ,  c a b l i n g ,  and v i b r a t i o n  i s o l a t i o n  as 
w e l l  as m i s c e l l a n e o u s  b r a c k e t r y .  From e x i s t i n g  
Rangers 6 - 9 s p e c i f i c a t i o n  da ta ,  and a l l o w i n g  a 
modest weight  d e c r e a s e  of 20 t o  30 p e r c e n t  i n  a n t i c -  
i p a t i o n  of advances i n  t h e  s t a t e - o f - t h e - a r t ,  t h e  es- 
t imated  t o t a l  weight  of t h i s  subsys tem i s  about  75 l b s .  ( 9 )  

The estimated probe  weight  Ln o r b i t  t abu -  
l a t e d  t o  t h e  subsys tem l e v e l  i s  p r e s e n t e d  i n  T a b l e  C-IV,  
and a l a y o u t  showing t h e  g r o s s  p robe  c o n f i g u r a t i o n  i s  
p r e s e n t e d  i n  F i g u r e  C-2 .  

G .  S t e r i l i z a t i o n  C a n i s t e r  

f e r  t h e  p robe  i s  enc losed  i n  a s t e r i l i z a t i o n  c a n i s t e r  
which i s  j e t t i s o n e d  subsequent  t o  p robe  s e p a r a t i o n  from 
t h e  M . M .  The c a n i s t e r  must b e  of s u f f i c i e n t l y  l a r g e  
volume and a p p r o p r i a t e l y  shaped t o  c o n t a i n  t h e  p robe ,  
i n c l u d i n g  t h e  f o l d e d  h igh  gain an tenna  and t h e  p r o p u l s i o n  
s y s t e m .  The c a n i s t e r  w a l l s  a r e  assumed t o  b e  of  a lumi-  
num honeycomb s t r u c t u r e  w i t h  a weight  d e n i s t y  of  abou t  
1 . 2  l b  p e r  s q u a r e  f o o t  o f  s u r f a c e  area.  From t h e  re- 
q u i r e d  p r o p e l l a n t  weight and i t s  d e n s i t y ,  and u s i n g  Lunar 
O r b i t e r  d imens ions  f o r  t h e  s p a c e c r a f t  s t r u c t u r e  i n j e c t e d  
i n t o  Mars o r b i t ,  it i s  p o s s i b l e  t o  d e t e r m i n e  a n  approx i -  
mate r e q u i r e d  c a n i s t e r  volume o f  220  f t  . The g e n e r a l l y  
c o n i c  shape  r e s u l t s  i n  a t o t a l  s u r f a c e  area o f  about  
230 f t 2 ,  t h u s  y i e l d i n g  a t o t a l  c a n i s t e r  we igh t  o f  276 l b s .  

P u r i n g  t h e  Earth-to-Mars i n t e r p l a n e t a r y  t r a n s -  

3 
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TABLE C - I  - PROBE WEIGHT HISTORY BY PHASE 

PHASE TIME 

S e p a r a t i o n  & J e t t i s o n  Q, M-5 days 
S t e r i l i z a t i o n  C a n i s t e r  

I n j e c t i o n  

M i  dc o u r s  e 

Deboost :  
1st S t a g e  Burn & 
J e t t i s o n  expended 
s t a g e  

2nd S t a g e  Burn & 
J e t t i s o n  expended 
s t a g e  

3 rd  S t a g e  Burn & 
J e t t i s o n  expended 
s t a g e  

O r b i t  

Q, M-5 days 

Q, M - 1  day 

Q, M-4 hrs 

Q, M-4 h rs  

Q, M-4 hrs 

% M-4 hrs 

EVEKT WEIGHT WEIGHT CHANGE 
( LBS) ( LBS) 

10,766 

1 0 , 4 9 0  

9,440 

9 , 340 

4,010 

1,772 

793 

1050 

100 

5330 

2238 

979 
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TABLE C - I V  - SU3SYSTEM WEIGHT SUMMARY 

SUBSYSTEM 

Payload 
Power Supply 

Communications 

A t t i t u d e  Cont ro l  
S t r u c t u r a l  
Payload-Bus I n t e g r a t i o n  

WEIGHT ( L B S )  

Probe Weight i n  Orbit = 793 lbs 
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APPENDIX D 

MARS SURFACE SAMPLE RETURN PROBE 

I .  I N T R O D U C T I O N  

The pr imary  purpose  o f  t h e  Mars S u r f a c e  Sample Return  
(MSSR) probe  i s  t o  c o l l e c t  s a m p l e s  o f  t h e  s u r f a c e  mater ia l  and 
r e t u r n  them t o  t h e  f l y b y  v e h i c l e .  Secondary o b j e c t i v e s  i n c l u d e  
r e t u r n i n g  c o l o r  photographs  and emplacing a l o n g  l i f e  geophys ic s  
l a b o r a t o r y  on t h e  s u r f a c e .  The MSSR m i s s i o n  p r o f i l e ,  p a y l o a d ,  
and  o p e r a t i o n a l  s u p p o r t  subsystems are  d e s c r i b e d  i n  t h i s  append ix .  

11. MSSR PROBE MISSION PROFILE 

The MSSR Miss ion  P r o f i l e  h a s  f i v e  p h a s e s :  

1. Deployment and s p a c e  f l i g h t  

2 .  Atmospheric e n t r y  and l a n d i n g  

3. Pre- launch s u r f a c e  o p e r a t i o n s  

4 .  Launch and rendezvous 

5.  Pos t - launch  s u r f a c e  o p e r a t i o n s  

F i g u r e  D - 1  shows s i g n i f i c a n t  e v e n t s  i n  t h e  m i s s i o n  p r o f i l e  of  t h e  
MSSR p r o b e .  

P r i o r  t o  deployment t h e  MSSR i s  encased  i n  a s t e r i l i z a t i o n  
c a n i s t e r  and s t o r e d  i n  t h e  probe  compartment o f  t h e  f l y b y  v e h i c l e .  
Deployment o c c u r s  a b o u t  5 d a y s  b e f o r e  f l y b y  v e h i c l e  p e r i a p s i s  
p a s s a g e  (M-5 d a y s )  and c o n s i s t s  o f  e j e c t i n g  t h e  MSSR i n  i t s  s t e r i l i -  
z a t i o n  c a n i s t e r  from t h e  f l y b y  v e h i c l e  and t h e n  s e p a r a t i n g  t h e  
c a n i s t e r  from t h e  MSSR i n  a manner which p r e v e n t s  r e -con tamina t ion  
o f  t h e  p r o b e .  Space f l i g h t  o p e r a t i o n s  b e g i n  w i t h  t h e  i n j e c t i o n  
bu rn  o f  t h e  i n j e c t i o n  p r o p u l s i o n  subsystem. T h i s  maneuver c a u s e s  
t h e  probe  t o  i n t e r c e p t  t h e  p l a n e t  and t o  l a n d  about  two h o u r s  p r i o r  
t o  t h e  p e r i a p s i s  pas sage  o f  t h e  f l y b y  v e h i c l e .  T h i s  p r o v i d e s  t i m e  
for pre - l aunch  o p e r a t i o n s  b e f o r e  t h e  rendezvous v e h i c l e  i s  l a u n c h e d ,  
A v e l o c i t y  increment  o f  abou t  6 0 0  f p s  i s  r e q u i r e d  when i n j e c t i o n  
t a k e s  p l a c e  5 days  b e f o r e  p e r i a p s i s .  ( ' ) ( * )  O p t i c a l  t r a c k i n g  and  
t r a n s p o n d e r  r a n g i n g  of  t h e  probe  from t h e  f l y b y  v e h i c l e  provide; ;  
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data  f o r  t h e  midcourse c o r r e c t i o n s .  Two c o r r e c t i o n s  execu ted  
a t  1 2  hour s  and 6 hour s  p r i o r  t o  p e r i a p s i s  r educe  t h e  e n t r y  
c o r r i d o r  t o  18  km. 
a t o t a l  v e l o c i t y  change o f  1 0 0 0  f p s  f o r  i n j e c t i o n  and midcourse 
maneuvers,  and i s  j e t t i s o n e d  p r i o r  t o  e n t r y  i n t o  t h e  Mar t i an  
a tmosphere .  

The i n j e c t i o n  p r o p u l s i o n  s t a g e  can p r o v i d e  

The probg e n t e r s  t h e  atmosphere a t  about  2 2 0  km w i t h  an 
e n t r y  a n g l e  o f  -19 and descends on a b a l l i s t i c  t r a j e c t o r y .  B e -  
c a u s e  of  t h e  low d e n s i t y  a tmosphere,  a low b a l l i s t i c  c o e f f i c i e n t  

mum aerodynamic b r a k i n g ; ( 3 )  
e n t r y  cone of 60' hal f  a n g l e  i s  u sed .  T h i s  r e d u c e s  t h e  ve- 

Gimbaled v a r i a b l e  t h r u s t  l a n d i n g  r o c k e t s  and a t t i t u d e  c o n t r o l  
r o c k e t s  are i g n i t e d  a t  t h i s  p o i n t  and a r e  c o n t r o l l e d  t o  a c h i e v e  a 
nominal  z e r o  v e l o c i t y  l a n d i n g  through t h e  u s e  o f  a d o p p l e r  radar  and 
a u t o p i l o t  sys tem similar t o  Surveyor .  About 2300  f p s  v e l o c i t y  
change i s  d e l i v e r e d  by t h e  l a n d i n g  r o c k e t s .  
has been reduced  t o  about  1 0 0 0  f p s ,  t h e  e n t r y  cone i s  j e t t i s o n e d  
and t h e  l a n d i n g  l e g s  a r e  ex tended .  
i s  about  5 f p s ;  a n t i c i p a t e d  l a n d i n g  e r r o r s  ( 3 a )  a re  about  +120 km 
down t r a c k  and + 2 0  k m  c r o s s  t r a c k .  

i n  t h e  r a n g e  of  0 . 6  t o  0 . 8  i s  needed t o  p r o v i d e  o p t i -  
CDA 

l o c i t y  t o  about  2000  f p s  a t  an  a l t i t u d e  o f  2 0 , 0 0 0  f e e t .  (4 ) 

t h e r e f o r e ,  a h i g h  d r a g  b l u n t  

A f t e r  t h e  v e l o c i t y  

Touchdown v e r t i c a l  v e l o c i t y  
- 

- 
Pre- launch  s u r f a c e  o p e r a t i o n s  b e g i n  by u n f o l d i n g  t h e  

equipment p a n e l s  e n c i r c l i n g  t h e  rendezvous  v e h i c l e ,  t h e r e b y  
e x p o s i n g  t h e  equipment and p r o v i d i n g  p l a t f o r m s  f o r  t h e  e x p e r i m e n t a l  
o p e r a t i o n s .  Antennas are ex tended ,  t h e  f l y b y  v e h i c l e  l o c a t i o n  and 
t r a j e g t o r y  p l a n e  are e s t a b l i s h e d ,  and communication i s  begun. 
A 360 f a c s i m i l e  T .V .  camera scan  i s  t r a n s m i t t e d  t o  e n a b l e  t h e  
a s t r o n a u t s  i n  t h e  f l y b y  v e h i c l e  t o  s e l e c t  t h e  most i n t e r e s t i n g  
areas f o r  s u r f a c e  sample a c q u i s i t i o n .  S i n c e  i t  i s  n e c e s s a r y  t o  
c o l l e c t  s u r f a c e  samples  a t  l e a s t  1 0 0  f e e t  from t h e  MSSR probe  t o  
minimize r o c k e t  con tamina t ion ,  t h e  s u r f a c e  sample a c q u i s i t i o n  
d e v i c e s  a re  Drope l l ed  r a d i a l l y  outward by m o r t a r s  r emote ly  aimed 
i n  t h e  f a v o r a b l e  d i r e c t i o n s .  Drag l i n e  b u c k e t s  o r  vacuum c l e a n e r  
t y p e  sample r s  o r  a combina t ion  o f  t hese  a re  used  t o  c o l l e c t  samples 
of s u r f a c e  mater ia l .  A r o c k  d r i l l  i s  t o  b e  used  t o  r e c o v e r  sub- 
s u r f a c e  mater ia l  and a n  a e r o s o l  f i l t e r  i s  used  t o  c o l l e c t  samples 
o f  mater ia l  suspended i n  t h e  a tmosphere.  The e n t i r e  sample a c q u i s i -  
t i o n  p r o c e d u r e  and o t h e r  i n t e r a c t i o n s  o f  t h e  probe  w i t h  t h e  s u r f a c e  
s u c h  as f o o t p a d  p e n e t r a t i o n  and r o c k e t  c r a t e r i n g  a re  photographed 
i n  c o l o r .  
t h e  s u r f a c e  samples ,  and t h e  probe i s  prepared  f o r  t h e  l a u n c h  phase .  

The f i l m  i s  p l a c e d  i n  t h e  rendezvous v e h i c l e  a l o n g  w i t h  

"Uni t s  a re  s l u g s / f t  2 . 
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The c o n i c a l  s t r u c t u r a l  she l l s  which su r round  and s u p p o r t  
t h e  rendezvous  v e h i c l e  d u r i n g  t h e  p r e v i o u s  phases  are  f o l d e d  outward 
o v e r  t h e  equipment p a n e l s  f r e e i n g  t h e  r o c k e t  f o r  l aunch  and pro-  
t e c t i n g  t h e  equipment from damage, Communications between t h e  
rendezvous  v e h i c l e  and t h e  f l y b y  v e h i c l e  are e s t a b l i s h e d  and t h e  
a n t e n n a s  and cameras o f  t h e  MSSR are  r e t r a c t e d .  At 1 1 . 5  minu tes  
b e f o r e  p e r i a p s i s  when t h e  r o t a t i o n  o f  Mars has moved t h e  MSSR i n t o  
t h e  p l a n e  of t h e  f l y b y  v e h i c l e  t r a j e c t o r y ,  t h e  rendezvous v e h i c l e  i s  
l aunched .  The f i rs t  s t a g e  r o c k e t  p r o v i d e s  a v e l o c i t y  increment  o f  
13 ,500  f p s  and bu rns  f o r  5 .5  minu tes .  The second s tage i s  i g n i t e d  
and b u r n s  f o r  4 .5  minu tes  i n c r e a s i n g  t h e  v e l o c i t y  by  1 2 , 5 0 0  f p s .  
Guidance i s  programmed t h u s  f a r .  During t h e  5 .5  minute  t h i r d  s t a g e  
burn  radar command guidance  f r o m  t h e  f l y b y  v e h i c l e  i s  used to a c h i e v e  
a r endezvous .  Termina l  maneuvers u s i n g  t h e  a t t i t u d e  c o n t r o l  s y s t e m  
o f  t h e  t h i r d  s t a g e  are accomplished under  d i r e c t  o p t i c a l  o b s e r v a t i o n  
from t h e  f l y b y  v e h i c l e .  Docking and t r a n s f e r  o f  t h e  pay load  from 
t h e  rendezvous  v e h i c l e  t o  t h e  f l y b y  v e h i c l e  are  done i n  a manner 
which p r e v e n t s  con tamina t ion  of t h e  pay load  and back-contaminat ion  
of t h e  f l y b y  v e h i c l e .  

Pos t - launch  s u r f a c e  o p e r a t i o n s  b e g i n  soon a f t e r  l aunch  
and c o n t i n u e  i n d e f i n i t e l y  nominal ly  f o r  two ea r th  years .  Nine 
g e o p h y s i c s  expe r imen t s  are  deployed and b e g i n  o p e r a t i o n .  Communica- 
t i o n  i s  r e e s t a b l i s h e d  w i t h  t h e  f l y b y  v e h i c l e ,  t r a n s m i t t i n g  da ta  
for abou t  e i g h t  hours  a day.  When t h e  i n c r e a s i n g  d i s t a n c e  t o  t h e  
f l y b y  v e h i c l e  r educes  t h e  t r a n s m i s s i o n  r a t e  below t h a t  o f  a d i r e c t  
Mars-Earth l i n k ,  t h e  MSSR an tenna  a c q u i r e s  t h e  E a r t h  and communicates 
d i r e c t l y  f o r  t h e  remainder  o f  t h e  m i s s i o n .  

111. MSSR PROBE PAYLOAD SUBSYSTEMS 

The MSSR pay load  c o n s i s t s  of  t h r e e  subsys t ems :  t h e  
rendezvous  v e h i c l e ,  t h e  payload a c q u i s i t i o n  subsys tem,  and t h e  
g e o p h y s i c s  l a b o r a t o r y .  The rendezvous v e h i c l e  has t h e  m i s s i o n  
o f  r e t u r n i n g  i t s  pay load  t o  t h e  manned f l y b y  v e h i c l e .  The pay load  
a c q u i s i t i o n  subsys tem a c q u i r e s  and s tows  s u r f a c e  samples  and photo-  
g r a p h s  i n  t h e  rendezvous v e h i c l e .  The geophys ic s  l a b o r a t o r y  conduc t s  
l o n g  t e r m  expe r imen t s  on t h e  p l a n e t  s u r f a c e .  

The rendezvous v e h i c l e  has a u s e f u l  pay load  of f i v e  
pounds which i n c l u d e s  samples, f i l m  and c a n i s t e r s .  An addi- 
t i o n a l  o p e r a t i o n a l  s u p p o r t  payload  c o n s i s t i n g  of  communications,  
power s u p p l y ,  a u t o p i l o t ,  and s t r u c t u r e  b r i n g  t h e  t o t a l  r o c k e t  
p a y l o a d  t o  42  pounds.  The 36 ,000  f p s  needed for rendezvous  
r e q u i r e s  t h r e e  s t a g e s  w i t h  s t e r i l i z a b l e  s t o r a b l e  p r o p e l l a n t s .  
V e r y  h i g h  p r o p e l l a n t  mass f r a c t i o n s  a r e  a c h i e v e d  by  des ign -  
i n g  t h e  s t r u c t u r e  to be s e l f - s u p p o r t i n g  on ly  d u r i n g  
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t h e  l a u n c h  a c c e l e r a t i o n ,  and s u p p o r t i n g  t h e  rendezvous v e h i c l e  
d u r i n g  t h e  h i g h  e n t r y  and l a n d i n g  a c c e l e r a t i o n s  w i t h  c o n i c a l  
s t r u c t u r a l  s h e l l s  which a r e  removed p r i o r  t o  l aunch  ( F i g u r e  D - 2 ) .  
Pump f e d  f i r s t  and second s t a g e  e n g i n e s  f u r t h e r  r educe  t ankage  
weight . \ -”  T o t a l  weight  of  t h e  rendezvous  v e h i c l e  i s  4016 pounds.  
Table  D-I shows t h e  weight  breakdown o f  t h e  pay load ,  and T a b l e  D - I 1  
g i v e s  d e t a i l s  of t h e  t h r e e  p r o p u l s i o n  s tages .  

I J I  

The pay load  a c q u i s i t i o n  subsys tem i n c l u d e s  t h e  equipment 
which o b t a i n s  pho tographs  and samples and t h e n  s tows  them i n  t h e  
rendezvous  v e h i c l e .  A s t i l l  camera, p o s s i b l y  u s i n g  35 mm c o l o r  
f i l m  and p robab ly  mounted on an a r t i c u l a t e d  boom, i s  programmed 
t o  photograph  t h e  v a r i o u s  sampl ing  d e v i c e s  d u r i n g  o p e r a t i o n ,  t h e  
f o o t p a d - s u r f a c e  i n t e r a c t i o n s ,  and t h e  s u r r o u n d i n g  s u r f a c e .  Some 
exposures  might  be made d u r i n g  l a n d i n g  t o  h e l p  de t e rmine  t h e  e f f e c t s  
o f  t h e  r o c k e t  on t h e  s u r f a c e .  F i lm  i s  t r a n s p o r t e d  t o  t h e  pay load  
compartment by  a pneumatic  t ube  or c a b l e  mechanism. The weight  
o f  t h e  camera,  a r t i c u l a t i n g  mechanism and f i l m  t r a n s p o r t  i s  est imated 
a t  twenty  pounds.  

The s u r f a c e  sampling d e v i c e s  might  use  e i t h e r  t h e  drag- 
l i n e  concep t  or t h e  vacuum c l e a n e r  concept  o r  perhaps b o t h .  The 
d r a g l i n e  sample r  i s  a bucket  on a l i n e  deployed  by a s p r i n g  t o  a 
d i s t a n c e  abou t  1 0 0  fee t  from t h e  l anded  MSSR. A s  t h e  l i n e  i s  t a k e n  
i n  by a winch,  t h e  bucke t  scoops up samples of l o o s e  ma te r i a l .  The 
c o n t e n t s  of t h e  bucke t  a r e  d e p o s i t e d  mechan ica l ly  i n  t h e  pay load  
compartment.  The vacuum c l e a n e r  s ample r  c o n s i s t s  o f  a sampler 
head equipped  w i t h  b r u s h e s  o r  s c r a p e r s  t o  s t i r  up sample p a r t i c l e s  
and a hose  t o  t r a n s p o r t  t h e  sample p a r t i c l e s  back t o  t h e  pay load  
compartment.  The d r a g l i n e  has t h e  advan tages  of  s i m p l i c i t y  and 
t h e  a b i l i t y  t o  r e c o v e r  samples l a r g e r  t h a n  p a r t i c l e s .  It i s  
s u b j e c t  t o  snagg ing  and would n o t  work i n  t h e  absence  o f  l o o s e  
material .  

An a e r o s o l  sampler  i s  i n c l u d e d  t o  c o l l e c t  s u r f a c e  
mater ia l  suspended i n  the  atmosphere.  A b l o w e r  f o r c e s  Mar t i an  
a i r  t h r o u g h  a f i l t e r  i n  t h e  payload  compartment of t h e  rendez-  
vous v e h i c l e ,  t h u s  accompl ish ing  b o t h  c o l l e c t i o n  and sample 
t r a n s p o r t .  
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A r o c k  d r i l l  i s  provided  i n  t h e  geophys ic s  l a b o r a t o r y  
t o  emplace t he  heat f low exper iment .  T h i s  d r i l l  a l s o  a c q u i r e s  
s u b s u r f a c e  samples  which are t r a n s p o r t e d  t o  t h e  rendezvous  v e h i c l e  
p a y l o a d  compartment by t h e  sample  a c q u i s i t i o n  subsys tem.  S imple  
pneumat ic  t r a n s p o r t  of dust samgles.mi@;ht b e  used  o r  a more e l a b o r a t e  
mechanism might  b e  used  t o  i n s u r e  r ecove ry  o f  s t i c k y  or c o h e s i v e  
samples  and t o  p r e s e r v e  r ecove ry  d e p t h  i n f o r m a t i o n  w i t h  t h e  sample.  
The weight  o f  t h e  sample gather ing and t r a n s p o r t  mechanisms e x c l u s i v e  
o f  t h e  r o c k  d r i l l  i s  es t imated a t  68 pound% b r i n g i n g  t h e  t o t a l  
weight o f  t h e  payload  a c q u i s i t i o n  subsys tem t o  88 pounds.  

The geophys ic s  l a b o r a t o r y  c o n s i s t s  o f  t e n  expe r imen t s  
which gather  i n f o r m a t i o n  about  t h e  a tmosphe r i c  and s o l i d  body 
p r o p e r t i e s  o f  Mars. It  weighs abou t  180  pounds n o t  i n c l u d i n g  t h e  
communicat ions,  data h a n d l i n g ,  and l o n g  term power s u p p l i e s .  
Table  D - I 1 1  g i v e s  t h e  estimated w e i g h t s  and t h e  approximate  power 
and peak data ra tes  of  these exper iments  d u r i n g  o p e r a t i o n .  

The heat f low experiment  i s  a d e v i c e  t o  measure t h e  
c o n d u c t i v i t y  and thermal g r a d i e n t  a t  a p o i n t  f a r  enough below t h e  
s u r f a c e  t o  be shielded from t h e  d i u r n a l  t e m p e r a t u r e  v a r i a t i o n s .  
It i s  one o f  t h e  most s i g n i f i c a n t  s i n g l e  p o i n t  g e o p h y s i c a l  measure- 
ments  which can be  made. I m p l a n t a t i o n  of t h e  s e n s o r  may r e q u i r e  
d r i l l i n g  abou t  two meters below t h e  s u r f a c e .  D i s t u r b a n c e s  o f  t h e  
s t e a d y  s t a t e  thermal c o n d i t i o n s  by t h e  d r i l l i n g  p r o c e s s  would mean 
t h a t  a r e l i a b l e  measurement might n o t  be made f o r  s e v e r a l  months. 
The d r i l l  a c c o u n t s  f o r  most of the weight of  t h i s  expe r imen t .  

A t h r e e - a x i s  p a s s i v e  seismometer  i s  i n c l u d e d  to measure 
t h e  p l a n e t ' s  i n t e r n a l  a c t i v i t y  and e l a s t i c  p r o p e r t i e s .  It  i s  
lowered  from i t s  p r o t e c t i v e  c a n i s t e r  b y  a c a b l e  and s e t  on t h e  s u r -  
f a c e  n e a r  t h e  landed  probe .  

The t h r e e - a x i s  magnetometer i s  used t o  mon i to r  t h e  
s t e a d y  s t a t e  magnet ic  f i e l d  and f l u c t u a t i o n s  such  as would b e  caused  
by i n t e r a c t i o n  o f  t h e  s o l a r  wind  w i t h  t h e  p l a n e t a r y  i o n o s p h e r e .  I t  
i s  p r o j e c t e d  by a s p r i n g  o r  mor t a r  t o  a d i s t a n c e  o f  a t  l ea s t  1 0 0  f e e t  
from t h e  p robe  t o  a v o i d  i n t e r f e r e n c e  from t h e  probe  i t s e l f .  A c a b l e  
c o n n e c t s  t h e  deployed  magnetometer t o  t h e  l anded  p robe .  

The s o l a r  p r o t o n  experiment  u s e s  a s c i n t i l l a t i o n  d e t e c t o r  
t o  measure t h e  s o l a r  p r o t o n  f l u x  i n  t h e  energy  r ange  > 1 0  M e V .  
M o n i t o r i n g  s o l a r  p r o t o n  f l u x  from a p o i n t  f a r  removed f rom E a r t h  
p r o v i d e s  i n c r e a s e d  a z i m u t h a l  coverage o f  f l a r e s ,  s t o r m s ,  and o t h e r  
OCCUrrences. The s e n s o r  i s  mounted on a boom t o  c l e a r  t h e  shadow 
o f  t h e  l a n d e d  p robe .  
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The weather station monitors the atmosphere temper- 
ature and humidity and the wind velocity. It is also mounted 
on a boom to avoid thermal and airstream interference from 
the landed probe. 

The facsimile television camera is used to monitor 
the local terrain, sky conditions, and the deployment and 
operation of other experiments. It makes a panoramic scan of 
the landing area just after touchdown to provide a basis for 
targeting the sample collection mechanisms. This scan is 
transmitted to the flyby vehicle as it is taken since the 
communication subsystem has ample data rate capacity at the 
short ranges involved. The estimated maximum scanning rate 
of one panoramic scan per minute results in a generated data 
rate of 660,000 bits per second. The camera is housed in a 
small tubular case which is elevated vertically, like a 
periscope, from the probe to obtain unobstructed panoramic 
coverage. Varying the height of the camera provides a base- 
line for stereo pictures. The camera can be commanded to 
make panoramic scans, narrow-field scans, or sky scans. When 
the data handling capability of the communications system 
falls below the 660,000 bits per second produced by the 
camera, the output is recorded on video tape for transmission 
at a slower rate. The 10 pound weight shown is f o r  the 
camera alone and does not include the tape recorder. 

The soil mechanics experiment is similar to the 
Surveyor soil mechanics experiment consisting of a small claw- 
like scoop on a pantograph arm. The scoop is used to strike, 
probe, and dig in the soil measuring cohesiveness, bearing 
strength, and density. Data rates as high as lo6 bits per 
second are produced momentarily by accelerometers measuring 
the impact of the scoop being dropped on the surface. Since 
the flyby vehicle is not likely to be close enough to allow 
real time transmission of these accelerometer traces, they 
are recorded on video tape or digitized and stored in a memory 
f o r  transmission at a slower rate. 

The micrometeoroid impact detector is folded in one 
of the equipment doors  and is erected after launch of the 
rendezvous vehicle. Total sensor area of about 1000 square 
centimeters is anticipated, and a combination of acoustic and 
capacitor transducers will probably be used. Impact data is 
digitized and stored until transmission. 

The atmospheric sounder transmits a pulsed radio 
signal upward toward the ionosphere at frequencies varying from 
1 Mc to 10 Mc and measures t h e  time for the reflected signal 
to return. From this data the ionospheric electron density 
profile can be inferred. Because of the high power consumption 
the experiment is operated intermittently. 
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The gas chromatograph makes repeated measurements of 
the atmospheric composition. This instrument separates the 
atmospheric constituents according to their adsorptive prop- 
erties by using special adsorption materials packed into 
columns. The atmospheric sample is pumped into one end of 
the column, and the different chemical species encounter dif- 
ferent flow resistances due to the selective adsorbing qualities 
of the column materials. The gas components meeting the least 
resistance emerge first, and a spectrum of composition with 
time is produced by a detector sensing the emission of gas 
from the end of the column. The atmospheric spectrum and a 
calibration spectrum from a known gas would be digitalized and 
stored until transmission. The data rate is very low. 

IV. MSSR PROBE OPERATIONAL SUPPORT SUBSYSTEMS 

Estimates of the weight of the various operational 
support subsystems of the MSSR have been made to arrive at a 
total probe weight. The weight of several of the subsystems 
was based on Surveyor(5 'or Voyager 1 7 5 ( 6 '  landing capsule sub- 
systems; since these weights do not depend on the vehicle size, 
they are also applicable to the smaller geophysics lander probe. 
For convenience, the geophysics lander probe operational support 
subsystems will also be discussed in this section and referred 
to later. Table D-IV shows the subsystem weight allotments for 
these four landing vehicles. 

The payload is the scientific or engineering instru- 
mentation and directly associated support structure and mechanisms. 
It does not include data handling, communications, or electrical 
power except for special purposes like the rock drill batteries. 
The composition of the payload is arbitrary and might be changed 
without affecting the successful operation of the probe as long 
as the engineering interface constraints are not violated. 

A) Flight Control 

The flight control sensors and electronics subsystem 
include gyros, accelerometers, star and sun sensors, 
programmer, and the autopilot needed to control the 
probe during space flight, atmospheric entry and 
landing. The 60 pound weight of this subsysten; esti- 
mated for Voyager is used for both the MSSR and the 
lander probe. 

B )  Radars 

An altitude marking pulse radar and a doppler altitude 
and velocity sensor comprise the radar subsystem. The 
weight is estimated at 43 pounds based on the old but 
proven Surveyor radars. 
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C) Communications 

The communications subsystem weight is based on the 
Voyager estimate. It includes a 20 watt high effi- 
ciency S band transmitter wlth a 27 db trainable 
antenna giving a data transmission rate conservatively 
estimated at 500 bits per second to Earth from the 
maximum Earth-Mars distance of 2.3 A . U .  ( 7 ) .  A low 
rate (1 BPS) transmitter using an omnidirectional 
antenna is included f o r  critical diagnostic measure- 
ments. The transponder receiver also uses an omni- 
directional antenna and provides a 100 BPS command 
link from Earth. The Voyager communication subsystem 
weight shown in Table D-IV includes a 12 pound UHF 
relay communication system not used with the manned 
flyby probes. 

D) Data Handling 

The data handling subsystem consists of analog-to- 
digital converters, commutators, and command decoders. 
The Voyager, MSSR, and lander probe data handling 
subsystems also include a video tape recorder, digital 
memory, and logic circuitry. The weight is based on 
the Voyager estimate for a subsystem which can store 
3 Y l o 5  bits in memory and 3 x lo7 bits on tape. 
latter accommodates one scan of the facsimile tele- 
vision camera in the sky scan mode. 

The 

E) Mechanisms 

Mechanisms are the electromechanical devices used to 
move various parts of  the spacecraft, particularly 
the high gain antenna. For the geophysics lander 
probe the Voyager mechanism weight is used. Twenty- 
five pounds is added for the MSSR to account for the 
actuators which operate the equipment doors and the 
conical structural shells. 

F) Power Supply 

The power supply subsystems for the Voyager landing 
capsule, the MSSR, and the lander probe are based on 
radioisotope thermoelectric generators (RTG) with a 
nominal life of two years. For  the MSSR and lander, 
100 watts of d.c. power are supplied by two RTG's 
weighing a total of 110 pounds including radiators 
and shielding. A long life silver-cadmium secondary 
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b a t t e r y  of 800 ampere hour  c a p a c i t y  weighing 4 0  
pounds i s  used p r i n c i p a l l y  t o  power t h e  t r a n s m i t t e r  
d u r i n g  t h e  e i g h t  hour da lLy communication p e r i o d  of t h e  
pos t - l aunch  phase .  Charging c o n t r o l  equipment i s  
e s t i m a t e d  a t  1 8  pounds based  on Surveyor .  A 4500  
wat t -hour  s i l v e r - z i n c  p r imary  b a t t e r y  weighing 75 
pounds p r o v i d e s  power for t h e  MSSR d u r i n g  t h e  e n t r y  
and l a n d i n g  and t h e  pre- launch  p h a s e s .  A smaller 
3500 wat t -hour  b a t t e r y  i s  p r o v i d e d  f o r  t h e  geophys ic s  
l a n d e r  s i n c e  it h a s  less e l e c t r i c a l  l o a d  because  o f  
t h e  absence  o f  t h e  payload a c q u i s i t i o n  subsystem. 

G )  A t t i t u d e  C o n t r o l  

The weight  o f  t h e  a t t i t u d e  c o n t r o l  p r o p u l s i o n  sub- 
s y s t e m s  (ACS) f o r  t h e  two manned f l y b y  l a n d i n g  p robes  
i s  based on t h e  60 pound estimated weight  o f  t h e  
Voyager l a n d i n g  capsu le  ACS subsys tem.  The t o t a l  
impulse  r e q u i r e d  was assumed t o  be  p r o p o r t i o n a l  t o  
t h e  weight  o f  t h e  landed v e h i c l e  s i n c e  most of t h e  
a t t i t u d e  c o n t r o l  p r o p e l l a n t  w i l l  be  expended d u r i n g  
t h e  l a n d i n g  phase .  The geophys ic s  l a n d e r  probe  u s e s  
c o l d  n i t r o g e n  j e t s  l i k e  t h e  Voyager c a p s u l e ;  t he re -  
f o r e ,  t h e  weight  o f  t h e  ACS i s  reduced  from 60 t o  
51 pounds i n  p r o p o r t i o n  t o  t h e  reduced  l anded  probe  
we igh t .  S i m i l a r  s c a l i n g  c a l c u l a t i o n s  f o r  t h e  MSSR 
probe  would y i e l d  an  ACS weight  of 225 pounds.  
However, t h e  MSSR probe i s  assumed to u s e  a h y d r a z i n e  
monopropel lan t  ACS, t h e r e b y  r e d u c i n g  t h e  A C S  we igh t  
by t h e  r a t i o  o f  t h e  s p e c i f i c  impulse  o f  h y d r a z i n e  

200 t o  t h a t  o f  n i t r o g e n ,  i * e . ,  - 70 - 
H )  Cab l ing  

The c a b l i n g  subsystem a c c o u n t s  f o r  a s u r p r i s i n g l y  
h igh  p e r c e n t a g e  of t h e  l anded  weight  o f  t h e  p robes  - 
about  5.3% f o r  Voyager. T h i s  p e r c e n t a g e  was used t o  
estimate t h e  weight  of t h e  c a b l i n g  subsys tem for t h e  
geophys ic s  l a n d e r  s i n c e  it i s  ve ry  s imilar  to t h e  
Voyager c a p s u l e  i n  s i ze ,  complexi ty  and l anded  we igh t .  
The MSSR probe  i s  not much more cor,blex t h a n  t h e  
Voyager c a p s u l e ,  b u t  it i s  c o n s i d e r a b l y  l a r g e r  and 
t h e r e f o r e  t h e  c a b l e s  w i l l  be l o n g e r .  S i n c e  t h e  MSSR 
i s  about  f o u r  times as  heavy as t h e  Voyager c a p s u l e  
and has a n  M/CDA t w i c e  as g r e a t ,  t h e  c a b l i n g  weight  
was s c a l e d  b y  (4)1’3/(2)1’2. 
Voyager c a b l i n g  subsystem by t h i s  r a t i o  gives an 
e s t i m a t e d  c a b l i n g  subsystem weight  of  1 0 0  pounds.  

S c a l i n g  up t h e  90 pound 
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I )  Spaceframe 

A spacef rame,  as such ,  i s  n o t  used  i n  t h e  d e s i g n  of  
t h e  MSSR d i s c u s s e d  h e r e ;  however, t h e  head ing  i s  used 
t o  p e r m i t  comparison w i t h  o t h e r  p robe  e e s i g n s .  C m -  
v e n t i o n a l l y  t h e  spaceframe subsys tem c o n s i s t s  o f  t h e  
v e h i c l e  s t r u c t u r e  i n c l u d i n g  frame, l a n d i n g  gear ,  hard-  
ware, p y r o t e c h n i c s ,  and t h e  thermal  c o n t r o l  d e v i c e s  
i n c l u d i n g  c o a t i n g s ,  t h e r m o s t a t i c  heat  s w i t c h e s ,  
hea t e r s ,  and i n s u l a t i o n .  The e f f e c t i v e  payload  o f  
t h i s  subsystem i s  a l l  t h e  o t h e r  subsys tems d i s c u s s e d  
s o  f a r .  The Surveyor  spacef rame subsys tem weighs 47% 
o f  i t s  payload;  t he  Voyager spaceframe subsystem i s  
es t imated a t  52% o f  i t s  pay load .  The Voyager l a n d i n g  
c a p s u l e  i n c o r p o r a t e s  a s e p a r a t e  i n t e r c h a n g e a b l e  " l anded  
s t a g e "  s t r u c t u r e  which  c o n t a i n s  t h e  payload  subsys tems,  
and t h i s  s t r u c t u r e  i s  b e l i e v e d  t o  accoun t  f o r  some o f  
t h e  a d d i t i o n a l  spaceframe weight.  T h e r e f o r e ,  t h e  space-  
frame weight  o f  t h e  geophys ic s  l a n d e r  probe  which does  
n o t  have an  i n t e r c h a n g e a b l e  pay load  s t r u c t u r e  i s  e s t i -  
mated a t  50% o f  i t s  payload .  According t o  p r e v i o u s  
a n a l y s e s  ( 8 )  t h e  weight used  i n  t h e  MSSR d e s i g n  t o  
accompl ish  "spaceframe" f u n c t i o n s  amounts to o n l y  abou t  
34% of  i t s  payload .  T h i s  i s  l a r g e l y  because  more t h a n  
80% of t h e  payload  i s  a s i n g l e  subsys tem,  t h e  rendezvous  
v e h i c l e ,  which i s  c e n t r a l l y  l o c a t e d  i n  t h e  spacef rame 
s o  t h a t  i t s  l o a d s  can be e f f i c i e n t l y  t r a n s f e r r e d  t o  
t h e  l a n d i n g  g e a r ,  e n t r y  s h e l l ,  and l a n d i n g  r o c k e t  
a t t achmen t  p o i n t s .  

J) Landing P r o p u l s i o n  

The l a n d i n g  p r o p u l s i o n  subsys tem we igh t s  f o r  t h e  
manned f l y b y  l a n d i n g  p r o b e s  a re  c a l c u l a t e d  on t h e  
basis o f  a v e l o c i t y  change of  2300 f p s  and s p e c i f i c  
impulse  o f  315 seconds .  The MSSR l a n d i n g  r o c k e t s  
have a t o t a l  t h r u s t  o f  about  1 5 , 0 0 0  pounds and a 
p r o p e l l a n t  mass f r a c t i o n  o f  0 . 8 .  The geophys ic s  
l a n d e r  r o c k e t  t h r u s t  i s  abou t  3000 pounds w i t h  a 
mass f r a c t i o n  o f  0 .75 .  Both sys tems u s e  turbopumps 
t o  feed t h e  s t e r i l i z a b l e  l i q u i d  p r o p e l l a n t s .  For 
comparison,  t h e  p r o p e l l a n t  mass f r a c t i o n  of  t h e  
p r e s s u r e  fed  Surveyor  v e r n i e r  r o c k e t s  h a v i n g  a t o t a l  
t h r u s t  of  on ly  about  300 pounds i s  0 . 6 6 ,  and t h e  
s p e c i f i c  impulse  i s  about  320 seconds .  

K )  En t ry  S h e l l  

The e n t r y  s h e l l  weight f o r  t h e  MSSR probe  i s  based 
on p r e v i o u s  Bellcomm c o r r e l a t i o n s  o f  Voyager e n t r y  
s h e l l  weights which i n d i c a t e  t h a t  t h e  e n t r y  s h e l l  
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w i l l  b e  about  1 4 %  of t h e  t o t a l  e n t r y  w e i g h t .  (4) 
S i n c e  t h e  geophys ic s  l a n d e r  has  t h e  same e n t r y  
v e l o c i t y  and b a l l i s t i c  c o e f f i c i e n t  as t h e  MSSR probe ,  
it undergoes s imilar  h e a t i n g  r a t e s  and dynamic p r e s -  
sures. T h e r e f c r e ,  the  e n t r y  s h e l l  weight xas based 
on t h e  same weight  pe r  u n i t  a r e a  a s  f o r  t h e  MSSR. 
T h i s  weight  p e r  u n i t  area i s  about  4 5 %  g r e a t e r  t h a n  
f o r  t h e  Voyager c a p s u l e ,  b u t  s i n c e  t h e  manned f l y b y  
l a n d i n g  p robes  have a b a l l i s t i c  c o e f f i c i e n t  o f  0 . 7  
compared w i t h  0 . 3  for t h e  Voyager c a p s u l e ,  t h e  
e n t r y  s h e l l  i s  s m a l l e r  and l i g h t e r  i n  p r o p o r t i o n  to 
v e h i c l e  we igh t .  

L )  I n j e c t i o n  P r o p u l s i o n  

I n j e c t i o n  p r o p u l s i o n  subsys tem we igh t s  f o r  b o t h  o f  
t h e  manned f l y b y  probes  a r e  based  on a v e l o c i t y  
change of  1 0 0 0  f p s  and a s p e c i f i c  impulse  of 325 
seconds .  P r o p e l l a n t  mass f r a c t i o n s  a re  assumed to 
be 0 . 9  f o r  t h e  MSSR and 0 . 8  f o r  t h e  s m a l l e r  geophys ic s  
l a n d e r .  F i g u r e  D-3 shows t h e  MSSR probe  w i t h  e n t r y  
s h e l l  and i n j e c t i o n  p r o p u l s i o n  subsys tems a t t a c h e d .  

M) S t e r i l i z a t i o n  C a n i s t e r  

Both manned f l y b y  l a n d i n g  p robes  a re  e n c l o s e d  i n  
s imilar  s t e r i l i z a t i o n  c a n i s t e r s  c o n s i s t i n g  o f  mat ing  
r i g h t  c i r c u l a r  cones .  The lower  cone h a s  a h a l f  
a n g l e  o f  60" cor re spond ing  to t h e  e n t r y  s h e l l ;  t h e  
upper  cone has  a 45' a n g l e  to p r o v i d e  more h e i g h t  
f o r  t h e  pay load .  The c a n i s t e r  weight  i s  e s t i m a t e d  
on t h e  bas i s  of  1 . 2  pounds p e r  s q u a r e  f o o t ,  somewhat 
less  t h a n  t h e  1 . 6  pounds p e r  s q u a r e  f o o t  f o r  t h e  
Voyager l a n d i n g  c a p s u l e .  
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TABLE D-I - RENDEZVOUS E H I C L E  PAYLOAD 

Useful Payload  5 l b s  

( s a m p l e s ,  f i l m ,  c a n i s t e r )  

Communications 8 l b s  

( a n t e n n a ,  t r a n s p o n d e r ,  d i p l e x e r ,  d e c o d e r )  

Power Supply  

( b a t t e r i e s ,  power c o n d i t i o n e r ,  c a b l i n g )  

Three  Axis A u t o p i l o t  

( g y r o s ,  programmer, s h a p i n g  n e t w o r k s )  

S t r u c t u r e  

16 l b s  

8 l b s  

5 l b s  

T o t a l  Payload  42  l b s  
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S p e c i f i c  impulse  ( S e c . )  

AV ( f p s )  

P r o p e l l a n t  mass f r a c t i o n  

S t a g e  weight  ( l b s )  

T h r u s t  ( l b s )  

Chamber p r e s s u r e  ( p s i a )  

TABLE D-11 - FENDEZVOUS VEHICLE PROPULSION STAGES 

First S t a g e  Second S t a g e  Third S t a g e  

327 325 315 

13,500 12,500 10,000 

0.934 0.900 0.788 

3,106 706 162 

3,000 650 125 

1,000 750 150 
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TABLE D-III - GEOPHYSICS LABORATORY 

Weight(1bs) 

Heat flow experiment and drill 30 

Power\datts) 

3 

Passive seismometer 

Magnetometer 

Solar proton experiment 

Weather stat ion 

Facsimile T.V. camera 

Soil mechanics experiment 

Micrometeoroid detector 

Ionospheric sounder 

Gas chromat o gr aph 

30 

1 0  

10 

10 

10 

20 

5 
45 

10 

Total subsystem weight 180 

*Intermittent ope ration 

2 

5 

3 

3 

3 

3 

2 

25# 

4 

Data(bps) 

low 

150 

100 

low 

low 

660,000* 
6* 10 

low 

low 

low 
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TABLE D-IV - LANDING PROBE SUBSYSTEM WEIGHTS ( L B S )  

Surveyor 

Payload 91 

Flight control sensors and electronics 36 

Radars 43 

Communications including antennas 32 

Data handling 11 

Mechanisms 29 

Power 65 

Cab ling 43 

Space frame 171 

Attitude control propulsion 16 

1606 Landing propulsion 

Entry shell 

Injection propulsion 

Sterilization canister 

- 
- 
- 

Total probe weight 2143 

Voyager '75 MSSR Lander 

289 

60 

60 

82 

30 

32 

313 
60 

90 

524 

565 

620 

415 

860 

4000 

4284 

60 

43 

70 

30 

57 

243 

89 

100 

1680 

2265 

1450 

1154 

1013 

12538 

280 

60 

43 

70 

30 

32 

226 

51 

76 
440 

484 

292 

270 

208 

2562 
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APPENDIX E 

LANDER PROBE 

I. I N T R O D U C T I O N  

The purpose  o f  t h e  l a n d e r  probe  i s  t o  emplace on t h e  
s u r f a c e  an  a tmosphe r i c  sounding r o c k e t  exper iment  and a long  
l i f e  geophys ic s  l a b o r a t o r y .  The l a n d e r  p robe  i s  s imilar  t o  
t h e  MSSR p robe  i n  s e v e r a l  r e s p e c t s :  t h e  m i s s i o n  p r o f i l e s  are 
s imilar ,  b o t h  p robes  c a r r y  a geophys ics  l a b o r a t o r y  and a r o c k e t  
expe r imen t  as t h e  p a y l o a d ,  and many of  t h e  o p e r a t i o n a l  s u p p o r t  
subsys tems are e s s e n t i a l l y  t h e  same. T h i s  appendix  d e s c r i b e s  
t h e  m i s s i o n  p r o f i l e ,  pay load ,  and o p e r a t i o n a l  s u p p o r t  subsys tems 
of  t h e  l a n d e r  p robe .  

11. LANDER PROBE M I S S I O N  PROFILE 

The l a n d e r  p robe  mis s ion  p r o f i l e  has t h r e e  phases :  

1. Deployment and space f l i g h t  

2 .  Atmospheric e n t r y  and l a n d i n g  

3.  S u r f a c e  o p e r a t i o n s  

Un l ike  t h e  MSSR, t h e  m i s s i o n  p r o f i l e  of t h e  l a n d e r  p robe  need 
n o t  b e  c l o s e l y  synchron ized  w i t h  t h e  f l y b y  v e h i c l e  s i n c e  t h e  
r o c k e t  exper iment  c o n s i s t s  of unguided sounding  r o c k e t s  ra ther  
t h a n  a rendezvous  v e h i c l e .  F igu re  E-1 shows t h e  s i g n i f i c a n t  
e v e n t s  i n  t h e  m i s s i o n  p r o f i l e .  

The l a n d e r  probe  i s  deployed  i n  a manner s imi la r  t o  
t h e  MSSR, and t h e  i n j e c t i o n  p r o p u l s i o n  subsys tem is used  t o  
cause  t h e  probe  t o  i n t e r c e p t  t h e  p l a n e t  and l a n d  a t  t h e  des i r ed  
l o c a t i o n .  The combina t ion  o f  t h e  s h a l l o w  a tmospher i c  e n t r y  
a n g l e  and t h e  t r a j e c t o r y  of t h e  p r o b e  i n  t h e  atmosphere p l a c e s  
t h e  l a n d i n g  s i t e  rough ly  90' away from t h e  sub-Mission Module 
p o i n t .  ( 1 ) ( 2 )  
l a n d i n g  s i t e s  i s  approximate ly  a g r e a t  c i r c l e  p a s s i n g  t h r o u g h  
t h e  p o l e s  of  t h e  p l a n e t .  V e r y  l i t t l e  i n j e c t i o n  v e l o c i t y  
change i s  needed t o  t a rge t  t h e  p r o b e  t o  any p l a c e  on t h i s  great  
c i r c l e ,  hence a lmost  any l a t i t u d e  can be r eached .  To a l l o w  
f l e x i b i l i t y  i n  l o n g i t u d e  t a r g e t i n g ,  t h e  t i m e  o f  a r r i v a l  of  t h e  
p robe  i s  a d j u s t e d .  If t h e  p r o b e  i s  launched  seven  d a y s  b e f o r e  
M . M .  p e r i a p s i s  p a s s a g e ,  t h e  nominal 1 , 0 0 0  f p s  c a p a b i l i t y  

For t h e  1975 f l y b y  m i s s i o n  t h e  l o c u s  o f  a c c e p t a b l e  
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of t h e  i n j e c t i o n  p r o p u l s i o n  subsystem a l l o w s  a b o u t  f i v e  h o u r s  
a d j u s t m e n t  i n  l a n d i n g  time co r re spond ing  t o  a b o u t  75' a d j u s t m e n t  
i n  l a n d i n g  l o n g i t u d e .  
a n  i n j e c t i o n  p r o p u l s i o n  v e l o c i t y  change c a p a b i l i t y  of 1000 f p s ;  
2500 f p s  would p r o v i d e  e s s e n t i a l l y  f u l l  p l a n e t  cove rage .  

About 40% of t h e  p l a n e t  can  be r e a c h e d  w i t h  

The a t m o s p h e r i c  e n t r y  a n d  l a n d i n g  phase  i s  t h e  same a s  
f o r  t h e  MSSR probe .  Aerobraking  r e d u c e s  t h e  r e l a t i v e  v e l o c i t y  
t o  a b o u t  2000 f p s  and  t h e  l a n d i n g  p r o p u l s i o n  subsys tem r e d u c e s  
t h e  l a n d i n g  v e l o c i t y  t o  a b o u t  5 f p s .  The e n t r y  s h e l l  is j e t t i s o n e d  
t o  s a v e  weight and  t o  a l l o w  the  l a n d i n g  g e a r  t o  be  ex tended .  The 
l a n d e r  p robe  has l a n d i n g  g e a r s  c a p a b l e  of l e v e l i n g  t h e  space-  
c r a f t  a f t e r  l a n d i n g  to f a c i l i t a t e  subsequen t  o p e r a t i o n s ,  p a r t i c u -  
l a r l y  t h e  sounding  r o c k e t  l aunch ing .  A f t e r  l a n d i n g ,  communica- 
t i o n s  a r e  e s t a b l i s h e d  w i t h  t h e  f l y b y  v e h i c l e  u s i n g  o m n i d i r e c t i o n a l  
a n t e n n a s  on t h e  l a n d i n g  p r o b e .  

S u r f a c e  o p e r a t i o n s  i n c l u d e  l a u n c h i n g  t h e  sound ing  r o c k e t s  
a n d  o p e r a t i n g  t h e  s u r f a c e  expe r imen t s .  The sound ing  r o c k e t s  a r e  
l a u n c h e d  a t  i n t e r v a l s  of a b o u t  a month. Launch of t h e  f i r s t  sound ing  
r o c k e t  might  be t imed s o  t h a t  the  f l y b y  v e h i c l e  is c l o s e  enough t o  
m o n i t o r  t h e  d a t a  b e i n g  t r a n s m i t t e d  t o  t h e  l a n d e r  p robe .  The c o n i c a l  
h a t c h  a n d  RTG r a d i a t o r s  shown i n  F i g u r e  E-2 s e r v e  a s  b l a s t  d e f l e c t o r s  
t o  p r o t e c t  t h e  equipment d u r i n g  l a u n c h .  The sound ing  r o c k e t  a s c e n d s  
v e r t i c a l l y  t o  a h e i g h t  of 30 lan i n  a b o u t  two minu tes ,  t r a n s m i t t i n g  
a t m o s p h e r i c  d a t a  from o m n i d i r e c t i o n a l  a n t e n n a s .  Data a r e  r e c o r d e d  
by t h e  l a n d e r  p robe  f o r  r e t r a n s m i s s i o n  t o  Eayth  o r  t h e  f l y b y  v e h i c l e .  

c a t i o n  is e s t a b l i s h e d  with t h e  f l y b y  v e h i c l e  u s i n g  t h e  a r t i c u l a t e d  
h igh  g a i n  a n t e n n a .  When t h e  f l y b y  v e h i c l e  r e a c h e s  t h e  c r o s s - o v e r  
r a n g e ,  t h e  l a n d e r  p robe  h i g h  g a i n  an tenna  a c q u i r e s  t h e  Ear th  and 
communicates d i r e c t l y  for t h e  r ema inde r  of t h e  m i s s i o n .  

The n i n e  g e o p h y s i c s  expe r imen t s  a r e  dep loyed  and  communi- 

111. LANDER PROBE PAYLOAD SUBSYSTEMS 

The l a n d e r  p robe  pay load  c o n s i s t s  of two subsys t ems :  
t h e  sound ing  r o c k e t  exper iment  and  t h e  g e o p h y s i c s  l a b o r a t o r y .  
The sound ing  r o c k e t  h a s  t h e  m i s s i o n  of making r e p e a t e d  measurements 
of p r o p e r t i e s  of the  lower  atmosphere;  t h e  g e o p h y s i c s  l a b o r a t o r y  
c o n d u c t s  l o n g  t e rm experi i l ients  on t h e  p l a n e t  s u r f a c e .  

The sound ing  r o c k e t  expe r imen t  c o n s i s t s  of t e n  s m a l l  
sound ing  r o c k e t s ,  t h e  l a u n c h e r ,  and  a s s o c i a t e d  e l e c t r o n i c s .  Each 
s o u n d i n g  r o c k e t  h a s  a t o t a l  pay load  of 5 pounds i n c l u d i n g  tempera- 
t u r e  a n d  p r e s s u r e  i n s t r u m e n t a t i o n ,  communications,  b a t t e r i e s ,  a n d  
s t r u c t u r e .  A two pound s o l i d  r o c k e t  motor  is s u f f i c i e n t  to b o o s t  
t h i s  p a y l o a d  t o  30 km. T o t a l  weight of t h e  t e n  r o c k e t s  i s  70 pounds.  
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The r o c k e t s  a r e  launched. from a t u b u l a r  l a u n c h e r  which 
weighs a b o u t  twen ty  pounds.  An e l e c t r o n i c  t imer  is  used  t o  p r o v i d e  
timing s i g n a l s  which a r e  combined w i t h  t h e  d a t a  p r i o r  t o  s t o r a g e .  
These t i m i n g  s i g n a l s  e n a b l e  t h e  a l t i t u d e  of t h e  sounding  r o c k e t  t o  
be d e t e r m i n e d  from t h e  p r e d . i c t e d  t r a j e c t o r y .  The r o c k e t  moto r  
t e m p e r a t u r e  is measured p r i o r  t o  l aunch  t o  a i d  i n  p r e d i c t i n g  t h e  
t r a j e c t o r y .  The t imer,  t empera tu re  i n s t r u m e n t a t i o n ,  f i r i n g  c i r c u i t s ,  
and  expe r imen t  programmer a r e  e s t i m a t e d  t o  weigh a n  a d d i t i o n a l  10 
pounds.  T h i s  b r i n g s  t h e  weight  of t h e  s t a t i c  p o r t i o n  of t h e  e x p e r i -  
ment t o  30 pounds, and  t h e  t o t a l  weight of t h e  sound ing  r o c k e t  
expe r imen t  t o  100 pounds. 

The geophys ic s  l a b o r a t o r y  is  e s s e n t i a l l y  t h e  same a s  
t h a t  on t h e  MSSR and  weighs 180 pounds.  The t o t a l  pay load  weight 
of t h e  l a n d e r  probe  pay load  is 280 pounds.  

IV.  LANDER PROBE OPERATIONAL SUPPORT SUBSYSTEMS 

Many of t h e  l a n d e r  probe  o p e r a t i o n a l  s u p p o r t  subsys tems 
a r e  v e r y  s i m i l a r  t o  t h e  MSSR probe  o p e r a t i o n a l  s u p p o r t  subsys tems;  
t h e s e  were d i s c u s s e d  i n  Appendix D which d e s c r i b e s  t h e  MSSR. 
Weight e s t i m a t e s  of these  subsys tems were based  on t h e  Surveyor  and 
Voyager 1975 l a n d i n g  v e h i c l e s  a n d  a r e  summarized i n  Tab le  I V  of 
Appendix D. 

The l a n d e r  probe spaceframe subsys tem d i f f e r s  c o n s i d e r -  
a b l y  from t h e  MSSR spaceframe,  b e i n g  more s i m i l a r  t o  Surveyor  
and  Voyager. It c o n s i s t s  of a hexagonal  h o r i z o n t a l  framework to 
which the  l a n d i n g  g e a r ,  l a n d i n g  r o c k e t s ,  and  most of t h e  o t h e r  
o p e r a t i o n a l  s u p p o r t  subsystems a r e  a t t a c h e d .  %.ne r o c k e t  l a u n c h e r  
t u b e  is  f i x e d  v e r t i c a l l y  i n  the c e n t e r  of t h e  hexagonal  framework 
and  b r a c e d  by s t r u t s  a t  b o t h  ends .  The i n j e c t i o n  p r o p u l s i o n  
subsys tem is  a t t a c h e d  t o  t he  upper end o f  t h e  r o c k e t  l aunch  t u b e .  
The e n t r y  s h e l l  is s u p p o r t e d  n e a r  t he  p e r i p h e r y  by t h e  hexagonal  
framework and  a t  t he  c e n t e r  by  t h e  bo t toming  pad a t t a c h e d  t o  t h e  
l o w e r  end  of  t h e  r o c k e t  l a u n c h e r  t u b e .  The c o n i c a l  a f t e r b o d y  is 
d i v i d e d  r a d i a l l y  i n t o  t h i r d s  by t h e  t h r e e  uppe r  s t r u t s .  The 
r a d i a t o r s  of  t h e  two r a d i o i s o t o p e  t h e r m o e l e c t r i c  g e n e r a t o r s  occupy 
t w o - t h i r d s  of t h e  a f t e r b o d y ;  t he  r ema in ing  t h i r d  is  a h a t c h  which 
swings  down t o  a l l o w  t h e  h i g h  g a i n  an tenna  and o t h e r  equipment t o  
be  dep loyed .  

F i g u r e  E-3 shows an a r r angemen t  of t h e  l a r g e r  sub- 
systems w i t h i n  t h e  s t e r i l i z a t i o n  c a n n i s t e r .  Packaging  d e n s i t y  
i s  a b o u t  15  pounds p e r  c u b i c  f o o t .  
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APPENDIX F 

EN ROUTE EXPERIMENTS FOR MANNED MARS FLYBY 

One i m p o r t a n t  phase  o f  t h e  700  day manned Mars f l y b y  
m i s s i o n  c u r r e n t l y  b e i n g  cons ide red  as a p o s s i b l e  space  g o a l  f o r  
1975 i s  t h e  program of s c i e n t i f i c  expe r imen t s  t o  be  c a r r i e d  ou t  
en  r o u t e .  While t h e  Mars o b s e r v a t i o n s  themse lves  a r e ,  o f  
c o u r s e ,  t h e  p r i n c i p a l  g o a l  o f  t h e  m i s s i o n ,  t hese  a d d i t i o n a l  
e x p e r i m e n t s  can add tremendously t o  o u r  t o t a l  p r e s e n t  knowledge 
i n  i m p o r t a n t  areas of  astronomy, p h y s i c s ,  and b i o l o g y .  The 
a v a i l a b i l i t y  o f  a l a r g e ,  manned, wel l -equipped space  s t a t i o n ,  
s t a b l y  o r i e n t e d  i n  space  f a r  from E a r t h  f o r  ove r  600  days  o f  
prime space  o b s e r v a t i o n  t ime,  r e p r e s e n t s  a g r e a t  o p p o r t u n i t y  
f o r  t h e  advancement of  space  s c i e n c e .  

These  en  r o u t e  exper iments  can be c o n s i d e r e d  i n  two 
g r o u p s .  P a r t  I o f  Appendix F d e s c r i b e s  expe r imen t s  t h a t  are 
p a r t i c u l a r l y  a t t r a c t i v e  because o f  t h e  a c t u a l  geometry o f  t h e  
o r b i t  - o u t  beyond Mars t o  a d i s t a n c e  o f  2 . 2  A . U .  on t h e  oppo- 
s i t e  s i d e  o f  t h e  sun  from t h e  Earth and back.  I n  Par t  I1 are  
expe r imen t s  t h a t  could  a l s o  be done from E a r t h  o r b i t  b u t  which,  
because  o f  t h e i r  impor t ance ,  should b e  i n c l u d e d  i n  any e a r l y  
700 d a y  s p a c e  m i s s i o n .  A summary o f  t h e  equipment needed f o r  
t h e  e n  r o u t e  exper iments  i s  g iven  a t  t h e  end o f  t h i s  s e c t i o n  i n  
T a b l e  F-1. Rough e s t i m a t e s  of  crew-time needed f o r  t h e s e  ex- 
p e r i m e n t s ,  p l u s  Mars data  t a k i n g  and a n a l y s i s  i n d i c a t e  t h a t  a 
four-man crew w i l l  be k e p t  occupied f o r  t h e  e n t i r e  m i s s i o n .  

PART I 

The f o l l o w i n g  exper iments  are  p a r t i c u l a r l y  a t t r a c t i v e  
because  o f  t h e  proposed  Mars mis s ion  o r b i t  geometry.  

1. S o l a r  Obse rva t ions  

S o l a r  o b s e r v a t i o n s  made p o s s i b l e  by t h i s  m i s s i o n  
promise  a p a r t i c u l a r l y  r i c h  s c i e n t i f i c  r e t u r n .  The one meter 
t e l e s c o p e  shou ld  be used t o  s tudy  s o l a r  phenomena.* An E a r t h  
o r b i t a l  manned s t a t i o n  equipped w i t h  a t e l e s c o p e  o f  t h e  same or 
g r e a t e r  c a p a b i l i t i e s  i s  needed t o  o p t i m i z e  t hese  o b s e r v a t i o n s .  
For t h e  f i r s t  t ime  s imul taneous  manned t e l e s c o p i c  o b s e r v a t i o n s  

*It a p p e a r s  a t  t h i s  t i m e  t h a t ,  w i t h  p r o p e r  emphasis  on 
t h e r m a l  d e s i g n  problems,  t h e  same t e l e s c o p e  used  f o r  p l a n e t a r y  
and s t e l l a r  o b s e r v a t i o n  can be used  f o r  s o l a r  o b s e r v a t i o n  w i t h -  
o u t  compromising e i t h e r  g o a l .  
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of t h e  sun  w i l l  be p o s s i b l e  from two p o i n t s  wide ly  s e p a r a t e d  i n  
t h e  a n g l e  sub tended  a t  t h e  sun. S t e r e o  views w i l l  make p o s s i b l e  
t h r e e  d imens iona l  r e c o n s t r u c t i o n  o f  f l a r e s ,  s p o t s ,  and s u r f a c e  
s t r u c t u r e  a t  a r e s o l u t i o n  o f  about  250 km - smaller  t h a n  e v e r  y e t  
a t t a i n e d  from Ear th .  P a r t i c u l a r l y  u s e f u l  for t h e  e l u c i d a t i o n  o f  
plasma-magnetic i n t e r a c t i o n s  w i l l  be such  s t e r e o  views o f  t h e  f i n e  
s t r u c t u r e  of t h e  pho tosphe re  and f i n e  r e s o l u t i o n  o f  t h e  luminous 
m a n i f e s t a t i o n s  o f  magnet ic  f i e l d  s t r u c t u r e s  , b o t h  g e n e r a l  and 
s p o t - a s s o c i a t e d .  Ste-eo views o f  t h e  f i n e  s t r u c t u r e  o f  t h e  chromo- 
s p h e r e  i n  H2 and ca lc ium K l i n e  can  b e  made w i t h  a p p r o p r i a t e  
f i l t e r s .  By s y n c h r o n i z i n g  exposures  a t  t h e  two t e l e s c o p e s  and 
t a k i n g  t i m e d  sequences ,  v e l o c i t y  o f  motion o f  a l l  p a r t s  o f  t h e  
f i e l d  can be de te rmined .  UV and I R  pho tographs  and spec t rograms 
can be  t a k e n  o f  t h e  e n t i r e  d i s k  th rough  t h e  t e l e s c o p e .  The ac-- 
c e s s o r y  equipment r e q u i r e d  f o r  t h e  t e l e s c o p e  i s  shown i n  
T a b l e  F-I. By o b s e r v i n g  t h e  sun  from o p p o s i t e  s i d e s ,  as w i l l  
b e  p o s s i b l e  d u r i n g  t h e  midpoint  o f  t h e  m i s s i o n ,  s p o t  development 
l a s t i n g  s e v e r a l  26-day s o l a r  r o t a t i o n s  can b e  fo l lowed  con t inu -  
o u s l y .  To o b t a i n  h i g h  r e s o l u t i o n  w h i t e  l i g h t  coronographs ,  
e x t e r n a l  o c c u l t i n g  d i s k s ,  p o s s i b l y  w i t h  i n t e r n a l  o p t i c a l  b a f f l e s ,  
w i l l  be used on t h e  one me te r  t e l e s c o p e .  

A Bragg c r y s t a l  X-ray t e l e s c o p e  w i l l  b e  needed for 
s c a n n i n g  t h e  s o l a r  d i s k  w i t h  moderate  a n g u l a r  r e s o l u t i o n  ( a b o u t  
5' a r c )  i n  t h e  range  1 A t o  20 A .  A g r a z i n g  i n c i d e n c e  imaging 
t e l e s c o p e  w i l l  be  needed t o  cover  t h e  s o f t  X-ray and f a r  UV r ange  

0 0 

0 

20  t o  300  A .  

The t o t a l  s o l a r  o b s e r v a t i o n  equipment w i l l  t h u s  c o n s i s t  
o f  t h e  one meter t e l e s c o p e  w i t h  a c c e s s o r i e s ,  p l u s  a much smaller  
and l i g h t e r  group of X-ray ,  UV, arid cosmic r a y  t e l e s c o p e s  a l s o  
p o i n t e d  toward t h e  sun .  

The l a r g e  t e l e s c o p e  cou ld  p r o f i t a b l y  b e  used abou t  one- 
h a l f  o f  t h e  e n t i r e  mis s ion  making s o l a r  pho tographs .  T h i s  must be 
s c h e d u l e d  e a r l y  i n  t h e  outbound phase or on t h e  r e t u r n  phase  s o  as 
n o t  t o  i n t e r f e r e  w i t h  r e q u i r e d  Mars o b s e r v a t i o n s .  For optimum 
cove rage  f l a r e  a c t i v i t y  should be moni tored  by means o f  H a  e m i s s i o n  
on a r e g u l a r  bas i s ,  and when a c t i v i t y  o c c u r s ,  r a p i d  pho tograph ic  
cove rage  (up  t o  s i x  frames p e r  minu te )  w i l l  b e  needed.  The t o t a l  
s o l a r  i n f o r m a t i o n  s t o r e d ,  a b o u t  1 0  b i t s  , w i l l  r e q u i r e  about  
500  l b s  of f i l m .  The smaller solar t e l e s c o p e s  w i l l  o p e r a t e  au to -  
m a t i c a l l y  excep t  f o r  s c a l e  range and da ta  r a t e  changes commanded 
by t h e  a s t r o n a u t s  and w i l l  r e p r e s e n t  f a r  lower data  s t o r a g e .  (See  
Tab le  F - I ) .  

14 
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For c o r r e l a t i o n  w i t h  t h e s e  t e l e s c o p i c  o b s e r v a t i o n s ,  
a comple te  s e t  of d a t a  on o t h e r  s o l a r  emis s ions  w i l l  b e  needed .  
These w i l l  i n c l u d e  a plasma probe t o  mon i to r  ene rgy ,  f l u x  and 
d i r e c t i o n  of low energy  s o l a r  p r o t o n s  and e l e c t r o n s  i n  t h e  s o l a r  

p a r t i c l e s  d u r i n g  f l a r e  e v e n t s .  
r r i  hllld,  n and a s o l a r  ccsmic r a y  t e l e s c o p e  t o  d e t e c t  h igh  ene rgy  

By comparing t h e  h igh  energy  emiss ions  r e a c h i n g  t h e  
Mars module and t h e  E a r t h  o r b i t i n g  s t a t i o n ,  f a r  b e t t e r  sep- 
a r a t i o n  o f  t h e  s p a t i a l  and t ime v a r i a t i o n s  can  be  made t h a n  
i s  p o s s i b l e  from t h e  E a r t h  a lone .  Thus,  for example,  h i g h l y  
d i r e c t i o n a l  f l a r e s  may show up, a t  one s t a t i o n  b u t  no t  t h e  
o t h e r .  

A t h r e e - a x i s  magnetometer i s  a l s o  r e q u i r e d  t o  mon- 
i t o r  t h e  s t r e n g t h  and d i r e c t i o n  of t h e  i n t e r p l a n e t a r y  mag- 
n e t i c  f i e l d  th roughou t  t h e  mis s ion ,  b o t h  f o r  i t s  i n t r i n s i c  
i n t e r e s t  and because  t h i s  has an  i m p o r t a n t  b e a r i n g  on a l l  
cha rged  p a r t i c l e  r a d i a t i o n  d e t e c t e d  a t  t h e  s p a c e c r a f t .  The 
i n t e r a c t i o n  of  t h i s  magnet ic  f i e l d  w i t h  t h e  s o l a r  wind i s  of  
p a r t i c u l a r  impor tance  b o t h  i n  space  and n e a r  E a r t h ,  Mars, and 
Venus. 

Valuable  i n f o r m a t i o n  on e l e c t r o n  d e n s i t y  i n  t h e  s u n ' s  
c o r o n a  can be o b t a i n e d  d u r i n g  the  s o l a r  o c c u l t a t i o n  o f  r a d i o  
waves emi t t ed  by a n  E a r t h  t r a n s m i t t e r  and r e c e i v e d  a t  t h e  space-  
c r a f t .  The change i n  e f f e c t i v e  p a t h  l e n g t h  i s  p r o p o r t i o n a l  t o  
e l e c t r o n  d e n s i t y  and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  f r equency  
s q u a r e d .  Hence, b y  u s i n g  two f r e q u e n c i e s  such  as 400 Mc and 
50 Mc t h e  measurement i s  s e l f - c a l i b r a t i n g  and p e r m i t s  s e p a r a t i o n  
of t h e  e l e c t r o n  d e n s i t y  e f f e c t  f rom t h e  r e l a t i v i s t i c  change i n  
p a t h  l e n g t h  due t o  t h e  s u n ' s  g r a v i t a t i o n a l  f i e l d .  

2 .  Astronomy (Using  a One Meter T e l e s c o p e )  

i n  t h i s  m i s s i o n  w i l l  be t h e  t e l e s c o p i c  o b s e r v a t i o n .  of t h e  moons 
of Mars - Phobos and Deimos. The s p a c e c r a f t  w i l l  pass w e l l  
w i t h i n  1 0 , 0 0 0  k m  of each ,  t h e  e x a c t  p rox imi ty  depending  on t h e i r  
phase  a t  t i m e  of e n c o u n t e r .  Other b o d i e s  p a s s i n g  c l o s e  t o  t h e  
o r b i t  w i l l  b e  c e r t a i n  known a s t e r o i d s  (see c h a r t  below) and 
o t h e r  unknown a s t e r o i d s  o r  comets whose c h a r a c t e r i s t i c s  and  o r b i t s  
can  be  de t e rmined  on t h e  miss ion .  No grea t  advantage  e x i s t s  i n  
photography of t h e  o t h e r  p l a n e t s  f o r  t h i s  m i s s i o n .  

One of t h e  p r i n c i p a l  items of a s t r o n o m i c a l  i n t e r e s t  

Photography and p o l a r i m e t r i c  o b s e r v a t i o n  of Zod iaca l  
l i g h t  a t  v a r i o u s  p o i n t s  i n  t h e  s o l a r  sys tem and o f  t h e  l ib ra-  
t i o n  r e g i o n s  o f  Ear th ,  Mars, and Venus w i l l  be  of g r e a t  i n t e r e s t .  
Pho tograph ic  and s p e c t r o g r a p h i c  i n f o r m a t i o n  on a i r g l o w  i n  t h e  
Mar t i an  atmosphere d u r i n g  passage  on t h e  n i g h t  s i d e  of t h e  p l a n e t  
s h o u l d  be  s o u g h t .  
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ASTRONOMICAL OBJECTS 

Time i n  C l o s e s t  Least D i s t a n c e  
Mission Approach From E a r t h  

PLANETS: J u p i t e r  30 Days 4 . 1 6  A . U .  4 . 2  A . U .  

S a t u r n  220 Days 7.64 A . U .  8 .54  A . U .  
MARS Phobos & 
MOONS Deimos 147 Days <10,000 k m  0 .5  A . U .  

ASTEROIDS: Medusa 300 Days 0 .2  A . U .  1 . 0 3  A . U .  
Xanthippe 450 Days 0.14 A . U .  1.11 A . U .  

3. Micrometeoroid C o l l e c t i o n  

change c o n s i d e r a b l y  a l o n g  t h e  s p a c e c r a f t ' s  p a t h  from E a r t h  t o  
beyond Mars, i t  w i l l  b e  impor t an t  to have two or more e x p e r i -  
ments des igned  to r e c o r d ,  c o l l e c t ,  and a n a l y z e  such  p a r t i c l e s  
o v e r  a l a r g e  r a n g e  i n  s i z e  and v e l o c i t y .  The d i r e c t i o n  of  i n -  
c i d e n c e  w i l l  be  an  impor t an t  parameter  to measure th roughou t  
t h e  m i s s i o n ,  b u t  p a r t i c u l a r l y  beyond Mars, where i t  i s  ex- 
p e c t e d  to f i n d  p a r t i c l e s  i n  d e f i n i t e  o r b i t s  n e a r  t h e  a s t e r o i d  
b e l t s .  The e l e m e n t a l  composi t ion o f  t h e s e  p a r t i c l e s  i s  o f  
g r e a t  i n t e r e s t ,  s i n c e  t h e y  may d a t e  back to v e r y  e a r l y  epochs.  
Hence, a n  a n a l y z e r  t h a t  t r a p s  some o f  these ,  a l l o w s  them to i m -  
p a c t  and v a p o r i z e  on a c l e a n  s u r f a c e ,  i o n i z e s  them, and t h e n  
a n a l y z e s  them i n  a mass s p e c t r o m e t e r  i s  proposed .  

S i n c e  t h e  f l u x  of  micrometeoro ids  i s  expec ted  to 

4 .  G a l a c t i c  Cosmic R a d i a t i o n  
T h i s  shou ld  be monitored d u r i n g  t h e  e n t i r e  t r i p  f o r  

f l u x  i n t e n s i t y ,  energy l e v e l ,  and d i r e c t i o n a l i t y .  V a r i a t i o n  i n  
these  p a r a m e t e r s  w i t h  p o s i t i o n  i n  t h e  s o l a r  sys t em and p o s s i b l e  
f l u c t u a t i o n  i n  t i m e  are o f  i n t e r e s t .  S imul taneous  m o n i t o r i n g  
o f  ' t h e  same k i n d  on E a r t h  w i l l  b e  needed f o r  c o n t r o l .  

5. Accura t e  S o l a r  System Measurements 
The s p a c e c r a f t ' s  range and v e l o c i t y  r e l a t i v e  to E a r t h  

w i l l  b e  de t e rmined  th roughou t  t h e  m i s s i o n  by t h e  t i m e  d e l a y  and 
f r equency  s h i f t  of s i g n a l s  t r a n s m i t t e d  from Ear th  t o  s p a c e c r a f t  
and r e t u r n e d  by a s p a c e c r a f t  phase  c o h e r e n t  t r a n s p o n d e r .  T h i s  
method, a l ready  used  on Ranger and Surveyor ,  i s  i n  p r i n c i p l e  
c a p a b l e  of a r a n g e  accu racy  of  one or two wave leng ths ,  though 
a b s o l u t e  r a n g e  accu racy  i s  much lower  due t o  u n c e r t a i n t y  i n  t h e  
v e l o c i t y  of l i g h t  and i n  t h e  gaseous and e l e c t r o n  c o n t e n t  of  
i n t e r p l a n e t a r y  space .  
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T h i s  m i s s i o n  p o s s e s s e s  t h e  a t t r a c t i v e  f e a t u r e  t h a t  
t h e  s p a c e c r a f t  w i l l  be  ab le  t o  de t e rmine  i t s  p o s i t i o n  ve ry  
a c c u r a t e l y  r e l a t i v e  t o  Mars o r  Venus a t  c l o s e  e n c o u n t e r  by 
u s e  o f  t e l e s c o p i c  p o s i t i o n  f i x e s  a g a i n s t  known s ta r  back- 
g rounes .  The t i m e  o f  o b s e r v a t i o n  w i l l  be p r e c i s e l y  de te r -  
mined b y  t h e  s p a c e c r a f t  c lock .  T h i s  p o s i t i o n  t o g e t h e r  w i t h  
t h e  a c c u r a t e  r ange  data  w i l l  g i v e  t h e  d i s t a n c e  between E a r t h  
and Venus or Ear th  and Mars t o  an  accu racy  e s s e n t i a l l y  e q u a l  
t o  t h e  high accuracy  o f  t h e  E a r t h - s p a c e c r a f t  r ange .  

The p r e s e n t  s t a n d a r d  of  s o l a r  s y s t e m  d i s t a n c e  i s  
based upon t h e  Earth-Venus d i s t a n c e  measured by non-coherent  
radar r e f l e c t i o n  i n  1961 where t h e  e r r o r  was about  +150 k m ,  

g i v i n g  an  e r r o r  i n  t h e  A.U.  o f  about  2 i n  1 0  . It i s  a c c e p t e d  
t h a t  t h i s  e r r o r  c o u l d  have been r educed  by  r e f l e c t i o n  from a 
phase c o h e r e n t  t r a n s p o n d e r  by p e r h a p s  a f a c t o r  of as high as 
1 0 .  We conclude  t h e n  t h a t  t h e  p r e s e n t  m i s s i o n  shou ld  p e r m i t  
a n  improvement i n  t h e  accuracy  of  t h e  a s t r o n o m i c a l  u n i t  
t h r o u g h  measurements t o  Mars or Venus by a f a c t o r  of o v e r  two. 
The l i m i t a t i o n  i n  accu racy  will t h e n  c e r t a i n l y  be t h a t  i n  t h e  
a c c u r a c y  of  t h e  v e l o c i t y  of l i g h t ,  which i n  t u r n  may b e  ex- 
p e c t e d  t o  improve s t e a d i l y .  

- 
6 

6 .  R e l a t i v i t y  Experiments  
If an  a tomic  c lock ,  now a v a i l a b l e  a c c u r a t e  t o  one 

p a r t  i n  ove r  many months, i s  c a r r i e d  on t h e  s p a c e c r a f t ,  
t h e  t i m e  c o n t r a c t i o n  due both t o  t h e  s p a c e c r a f t ' s  v e l o c i t y  
r e l a t i v e  t o  t h e  E a r t h  and t o  i t s  o p e r a t i o n  i n  a marked ly  d i f -  
f e r e n t  g r a v i t a t i o n a l  f i e l d  from t h a t  o f  t h e  E a r t h  s h o u l d  b e  
measu rab le  ove r  t h e  l o n g  d u r a t i o n  o f  t h e  f l i g h t  or as it  
passes t h e  sun .  The v e l o c i t y  c o n t r a c t i o n  s h o u l d  b e  on t h e  

9 o r d e r  o f  one i n  10. and t h e r e f o r e  o b s e r v a b l e  t o  about  1% 
a c c u r a c y  by  t h e  a tomic  c lock  s t a n d a r d .  

A f u r t h e r  check on t h e  g e n e r a l  t h e o r y  o f  re la-  
t i v i t y  can be c a r r i e d  ou t  b y  measur ing  t h e  change i n  t r a n s -  
m i s s i o n  t i m e  of a radar beam s e n t  from E a r t h  t o  s p a c e c r a f t  
and r e f l e c t e d  t o  E a r t h  p a s t  t h e  s u n  a t  s o l a r  o c c u l t a t i o n .  
A phase cohe ren t  t r a n s p o n d e r  sys t em s h o u l d  pe rmi t  an  i m -  
provement of a f a c t o r  o f  t w o  t o  1 0  o v e r  t h e  exper iment  
p r e s e n t l y  proposed  by Shap i ro  ( M . I . T .  L inco ln  Labora to ry )  
t o  r e f l e c t  t h e  radar beam from Venus as it i s  o c c u l t e d  by 
t h e  s u n .  
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7.  B i s t a t i c  Radar Observa t ions  
B i s t a t i c  radar exper iments  w i t h  t h e  s o u r c e  on t h e  

E a r t h  and t h e  r e c e i v e r  on t h e  f l y b y  v e h i c l e  w i l l  i n c r e a s e  o u r  
knowledge o f  p l a n e t a r y  s u r f a c e  c h a r a c t e r i s t i c s  compared t o  what 
we have l e a r n e d  from s t r i c t l y  b a c k s c a t t e r  measurements w i t h  
b o t h  s o u r c e  and r e c e i v e r  on Ear th .  A t t e n t i o n  shou ld  be de- 
v o t e d  t o  Venus and Mars. 

8 .  Radio Astronomy 

f r equency  r ange  - 1 0 0  kc  t o  1 0  Mc - w i l l  b e  o f  p a r t i c u l a r  
i n t e r e s t  a t  p o i n t s  i n  t h e  miss ion  f a r  from t h e  Ea r th  which i s  
i t s e l f  an a c t i v e  r a d i o  n o i s e  s o u r c e .  Depending on t h e  t y p e  o f  
l a r g e  a n t e n n a  t h a t  can be deployed,  d i r e c t i o n a l  i n f o r m a t i o n  on 
t h e  r a d i o  s o u r c e s  may be o b t a i n e d  and would b e  o f  g rea t  i n t e r e s t .  

Moni tor ing  o f  r a d i o  n o i s e  i n t e n s i t y  i n  t h e  low 

PART I1 

I n  t h i s  s e c t i o n  w e  l i s t  expe r imen t s  t h a t  c o u l d  a l s o  
be  done from E a r t h  o r b i t ,  bu t  which s h o u l d  be s t r o n g l y  cons id-  
ered f o r  an  e a r l y  l o n g  d u r a t i o n  m i s s i o n  such  as t h i s .  

1. O p t i c a l  Astronomy 

o b s e r v a t i o n s  at UV(down t o  912 A )  and I R  wavelengths .  These 
da ta  can  be used t o  de t e rmine  t h e  spa t i a l  d i s t r i b u t i o n  of  H2, 
which may be a la rge  p a r t  o f  t h e  mass o f  o u r  g a l a x y .  Improve- 
ments i n  r e s o l u t i o n  by  e l i m i n a t i o n  o f  a tmosphe r i c  d i s t o r t i o n  
s h o u l d  a l l o w  ex tended  measurements o f  t h e  cosmic d i s t a n c e  s c a l e  
(assuming a one meter d i f f r a c t i o n  l i m i t e d  t e l e s c o p e )  by  mea- 
s u r i n g  t h e  a n g u l a r  diameter of t h e  hydrogen e m i s s i o n  r e g i o n  s u r -  
round ing  e a r l y - t y p e  s t a r s .  I n  a d d i t i o n ,  h i g h  r e s o l u t i o n  photo-  
graphs at. s e v e r a l  wavelengths  shou ld  be t a k e n  of s t a r  c l u s t e r s ,  
n e b u l a e ,  and g a l a x i e s .  

Measurements above t h e  E a r t h ' s  a tmosphere w i l l  a l l o w  
0 

2 .  X-Ray Astronomy 
One of t h e  most e x c i t i n g  new f i e l d s  i n  space  p h y s i c s  

i s  X-ray as t ronomy.  Rocket measurements have i d e n t i f i e d  about  
a dozen d i s c r e t e  X-ray s o u r c e s ,  a l l  o f  which are c o n c e n t r a t e d  
toward  t h e  g a l a c t i c  p l a n e .  To date  o n l y  one s o u r c e ,  t h e  Crab 
Nebula ,  has a l s o  been i d e n t i f i e d  w i t h  an  o p t i c a l  or r a d i o  s o u r c e .  
Higher r e s o l u t i o n  d e t e c t o r s ,  such as t h o s e  a l ready d e s c r i b e d  f o r  
s o l a r  o b s e r v a t i o n ,  based at  s t ab le  s p a c e  p l a t f o r m s  shou ld  be  a b l e  
t o  r e s o l v e  many more s o u r c e s ,  and i n  a d d i t i o n  s t u d y  t h e  i n t e r n a l  
s t r u c t u r e  o f  i n d i v i d u a l  s o u r c e s .  S p e c t r a l  measurements and 
p o l a r i z a t i o n  s t u d i e s  w i l l  supply a d d i t i o n a l  i n f o r m a t i o n  on t h e  
n a t u r e  o f  X-ray s o u r c e s .  
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Hopefu l ly  X-ray astronomy w i l l  deve lop  i n t o  a power fu l  t o o l  
f o r  s t u d y i n g  problems o f  cosmologica l  i n t e r e s t  such  as t h e  
o r i g i n  o f  cosmic r a y s ,  t h e  s t r e n g t h  of  g a l a c t i c  and i n t e r -  
g a l a c t i c  magnet ic  f i e l d s ,  and t h e  compos i t ion  and d e n s i t y  of 
g a l a c t i c  and i n t e r g a l a c t i c  matter.  

3. Physics 
I n  a d d i t i o n  t o  t h e  r e l a t i v i t y  expe r imen t s  i n  P a r t  I ,  

e x p e r i m e n t a l  i n v e s t i g a t i o n s  of  t h e  g e n e r a l  t h e o r y  o f  r e l a t i v i t y  
c o u l d  be c a r r i e d  o u t  by measuring t h e  g r a v i t a t i o n a l  bending  of 
s tar l i g h t  d u r i n g  t h e  o c c u l t a t i o n s  by  a p l a n e t .  The measure- 
ment c o u l d  a l s o  be c a r r i e d  o u t  f o r  t h e  c a s e  o f  t h e  s u n  by 
u s i n g  a coronograph s o  t h a t  t h e  s t a r  c o u l d  b e  obse rved  th rough  
t h e  s o l a r  a tmosphere .  While t h i s  measurement has been  made on 
t h e  E a r t h ,  a much b e t t e r  d e t e r m i n a t i o n  c o u l d  be  made i n  t h e  
absence  o f  a tmosphe r i c  d i s t o r t i o n .  

4 .  Bio logy  

e x p e r i m e n t a t i o n  under  zero-g  c o n d i t i o n s  f o r  a c o n t i n u o u s  p e r i o d  
o f  o v e r  600 days i n  a l a r g e  space  c a p s u l e  a l r e a d y  w e l l  p r o v i d e d  
w i t h  b i o l o g i c a l  a p p a r a t u s  f o r  s t u d y  o f  t h e  Mars samples .  E a r t h -  
based l i f e  s y s t e m s  may be used as c o n t r o l s  f o r  Mars samples .  
The p r e s e n c e  of  an  a s t r o n a u t  t r a i n e d  as a b i o l o g i s t  i n  micro- 
scope  t e c h n i q u e s  would g r e a t l y  enhance t h e  r e t u r n s .  P r e c a u t i o n s  
would have t o  b e  t a k e n ,  o f  c o u r s e ,  t o  a v o i d  c o n t a m i n a t i n g  
i n s t r u m e n t s  s t e r i l i z e d  f o r  Mars sample a n a l y s i s  w i t h  E a r t h  l i f e  
forms . 

There w i l l  b e  a prime o p p o r t u n i t y  f o r  b i o l o g i c a l  
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